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Profits for dairies... 
in 
HANDI-SQUARES! 


SAVE SPACE, TIME, MONEY! 


Where you had 2 cases of stand- 
ard rounds, now put 3 cases of 
Handi-Squares! More efficient 
use of plant and truck capacity. 
Handi-Squares’ economy con- 
tinues year after year, quickly 
absorbs change-over cost. 


RETAILERS LIKE "EM .. . STOCK 


Retailers can store upto 50% 
more milk in refrigerators 
... make more sales, profits 
. . + without more storage 
space. Milk in returnable 
glass bottles increases traffic, 
brings other sales. 


Housewives prefer milk in a 
glass container. They trust its 
protection of milk’s delicate fla- 
vor. And they vote 9-to-1 for 
Squares over any other style of 
glass container. 
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war 


FOR THE RIGHT | 
BOTTLE-WASHING ALKALI? 


No matter what your water or plant condition 
may be, there’s a Wyandotte bottle-washing 
compound especially made to fill your need. It 
will do a thorough job of cleaning — then rinse 
away completely, leaving no film to injure the 
quality or flavor of milk. 

Wyandotte Alkali Special is for use under 
normal water conditions. Very hard water calls 
for Wyandotte 721 Special*. Use Wyandotte 
C.C.S. Alkali, Seneca Flakes* or Chippewa 
Flakes* for water of different degrees and kinds 
of hardness. 

Unusually difficult washing conditions are 
remedied by Wyandotte B.W.C. (Bottle Water 
; Conditioner). And as the final rinse or spray, 
; after washing, use Wyandotte Steri-Chlor*, a 
f thorough germicide that leaves no odor or taste 
Lj after use. 

Rs) _ Your Wyandotte Representative will help you 
Wy select the Wyandotte Product made for a plant 
like yours. Why not call him today? . 


* Registered trade-mark 


WYANDOTTE CHEMICALS CORPORATION Mgandotte 
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_ A lot of farmers 


alot of places 


It’s the modern milker that does automatically what 
other machines have to be helped to do... no hand help 
is needed... the pail does the work. 


As the pail fills, the downward and forward Tug and 
Pull is automatically increased. This keeps those lively — 
teat cups down where they belong -.. down where they 

don’t pinch off the flow of milk. 


BABSON BROS. CO. 


2843 West Nineteenth St. + CHICAGO 23 


_ Copyright 1947 by Babson Bros. Co. 
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BABCOCK 


All calibrations and nu- 
merals on Kimble Babcock 
Test Bottles are filled with 
a durable FUSED-IN black 
glass filler that assures 
quick and easy readability 
and withstands severe and 
continuous service. 


x * * 


Distributed by leading 
Dairy Supply Dealers 
throughout the United 
States and Canada. 


Have you a copy of the Kimble 
Dairy Manual (3rd Edition)? 
Available on request. 


Toledo 1, Ohio 


OF OWENS-ILLINOIS GLASS COMPANY 


Your advertisement is being read in every State and in 25 Foreign Countries 
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BRAMPTON BASIL FAVOR KING, 
with Mr. & Mrs. Henry Uihlein, Ollen Rhodes, Heaven Hill Farm herdsman, 
' and H. Barry Biggers. 


Brampton Basil Favor King, top selling animal in the recent Sale of 
Stars, is living proof of the value of sound breed improvement pro- 
grams. Developed into a Superior Sire by his consignor, H. Barry 
Biggers of Blythe, Georgia, his first ten tested daughters average 8763 
Ibs. milk, 5.25%, 460 lbs. butterfat converted to the 305-—2x mature 
basis, and his first seventeen classified daughters average 84.26%. He 
sold for $14,250.00 to Henry Uihlein, Heaven Hill Farm, Lake Placid, 
New York. Contending bidder was the Northern Ohio Cooperative 
Breeding Association. Both these progressive breeders, as well as the 
others who bid on this bull, were interested in him because of his sound 
pedigree and because of his proven ability to sire high production and 
good type, an ability demonstrated by a representative sample of his 
daughters. 


The excellent co-operation that the agricultural colleges are giving in 
the interests of better dairy cattle is a material aid in making it possible 
for these better breeding animals to be proved and discovered. 


The American Yersey Cattle 


COLUMBUS 15, OHIO 
Member of The Purebred Dairy Cattle Association 


Your advertisement is being read in every State and in 25 Foreign Countries 
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under a bushel! 


Vi 


l f you are using a vanilla flavoring which blocks 

rather than blends with the clean, dairy flavor of cream, 

milk-solids, and sugar, switch to Michael’s 

Mixevan, America’s Flavorite. Distinctive in character, delicious in 

taste, yet it does not dominate the mix. It’s a powder with 


a sugar carrier. Gives you Controlled Flavor! 


MICHAEL'S 


Mixevan — 
powdered vanilla products 


MIXEVAN DAVID MICHAEL & CO. 


INCORPORATED 
half a century in the flavoring field 


3743-63 D St. Philadelphia 24, Pa. 
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YOUR 


DOUBLE EFFECT 


TUBULAR EVAPORATOR 


When large volumes of milk are to be condensed. 

the Mojonnier Double Effect Tubular Evaporator is 

ideal for producing: 

Evaporated Milk Bulk Condensed Milk Skim Condensed Milk 
Ahead of Driers Sweetened Condensed -Milk Ice Cream Mix Whey 


HERE’S WHY: 
1. Saves 50% steam and 50% condensing 
water over a single effect evaporator. 

2. Continuous operation with small amount of prod- 
uct in system. Rapid circulation. Practically instantaneous 
evaporation preserves natural product flavor and color. 
3. Maximum recovery of solids —insured by im- 
proved design of vapor separator. 

4. Improved tube nest provides a very high rate 
of heat transfer. Because of the small amount of pre- 
cipitation on the inside of the tubes, operation is con- 
tinuous for long periods. 

5. New condenser design makes possible very close 
differential between water temperature leaving con- 
denser and temperature of vapor in unit, assuring smooth 
operation. 

6. All-welded all stainless steel construction, 
ground and polished throughout. 

7. Large labor savings because of large capacity, 
operating efficiency and ease of cleaning. 

8. Mojonnier Double Effect Tubular Evaporator 
soon pays for itself in actual savings. Pays divi- 
dends yeor ofter yeor. There is a size to meet your 
exact need. 


CONSULT NOW with the experienced Mojonnier Engineer about 
the exact condensing unit to best serve year requirements. 


MOJONNIER BROS. CO., 4601 W. OHIO ST., CHICAGO 44, ILL. 


Vacuum pact Coolers Fone Control Tubular Cor Cold Wall 


bachangers Storage Tank 
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DIAMOND ALKALI COMPANY 


PITTSBURGH, PENNA. 
Aunounces 
Uniform Naming System 
for all of its 


DAIRY INDUSTRY PRODUCTS 


x * 
A Varied and Complete Line of 


CLEANING COMPOUNDS 


for Hand and Machine Washing Methods 


SCALE and FOAM CONTROL MATERIALS 
CREAM NEUTRALIZERS and BASIC ALKALIES 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 


JOURNAL OF DAIRY SCIENCE 


the list 


DIAMOND PRODUCTS for the DAIRY INDUSTRY 


They’re engineered for the job ... you can depend 
on them for highest Quality, Uniformity and Efficiency 


OLD NAME OLD NAME NEW NAME 

All Purpose W All Purpose W All Purpose W Cleaning Compound 
Bomber Bomber Cleaning Compound 

Hi-Speed No. 1 Samson Cleaning Compound Hi-Speed Cleaning Compound 
Hi-Speed No. 2 Dreadnaught Dreadnaught Cleaning Compound 
Machine Can Washing Comp. Samson Can Washing Compound 
Compound No. 5 Clipper Cleaner Pt ihn 
Soaker Alkali No. 2 Hardnox No. 2 Hi-Test Alkali 
Soaker Alkali No. 3 Hardnox No. 3 Hardnox Alkali 
Special Alkali 45 Dairy Alkali 45 Special Alkali 45 
Special Alkali 60 Dairy Alkali 60 Special Alkali 60 
Special Alkali 70 Dairy Alkali 70 Special Alkali 70 
Nutralac Cream Neutralizer Nutralac 
Cleaner & Cleanser Dairy Cleanser Cleaner & Cleanser 
Detergent Detergent Detergent 
HWC HWC HWC (Water Conditioning Compound) 
HW Soaker Alkali Hardnox No. 4 HW Soaker Alkali 
Dari-Cleaner Clipper Cleaner 


And, in addition to the above, the following DIAMOND BASIC ALKALIES: ’ 


BICARBONATE OF SODA + SODA ASH 


* METASILICATE + CAUSTIC SODA 


These Products Jor the Dairy Industry 
are Distributed Exclusively by: 


CHERRY-BURRELL CORPORATION 


Baltimore - Boston - Cedar Rapids - Charlotte, N.C. 
Chicago Cincinnati Cleveland Detroit 
Los Angeles - New York - Pittsburgh - Philadelphia 
St. Paul + San Francisco - Syracuse + Toronto 


THE HURLEY COMPANY 
Denver - Pueblo 


MONROE DAIRY MACHINERY, INC. 


Portland, Ore Salt Lake City - Seattle 
Spokane - Boise 


Albuquerque El Paso 


MEYER-BLANKE COMPANY 


Abilene - Amarillo - Austin - Beaumont : Birmingham 
Dallas - Houston - Kansas City - Little Rock - Memphis 
Mobile - Oklahoma City - St. Louis » San Antonio 
Shreveport: Springfield, Mo. - Topeka - Tulsa - Wichita 


MILLER MACHINERY AND SUPPLY 
COMPANY 


Jacksonville - Miami 


DAIRY SUPPLIES LIMITED 
Edmonton - Saskatoon - Vancouver - Winnipeg 


LENFESTEY SUPPLY CO. 


Tampa, Fla. 
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--. spray heating in a small 
round pasteuriser ! 


All the desirable fea- 
tures of a small vat- 
type machine, includ- 
ing adaptability to 
Sentinel Controls, are 
found in the new 200- 
gallon Round Spray 
Pasteurizer. 


Many of you have asked for this—a 200- 
gallon round pasteurizer that offers the ad- 
vantages of the Cherry-Burrell spray heating 
principle. 

So here it is—the new Round Spray Pas- 
teurizer that will be a real asset to those who 
want a pasteurizer with minimum floor 
space requirements ... one that can be 
equipped with the exclusive Sentinel Control 
to assure natural flavor and maximum cream 
layer . . . low bacteria count and absence 
of “*burn-on” . . . and finally, low-cost, long- 
lived service. 


The Cherry-Burrell spray heating principle 


i 


utilizes a large volume of low temperature 
heating water, sprayed over the entire outer 
surfaces of the inner lining of the vat to ac- 
complish quick, uniform pasteurization with- 
out scorching, without burning. Ask your 
Cherry-Burrell Representative about this new, 
widely adaptable pasteurizer. 


CHERRY-BURRELL CORPORATION 


General Sales and Executive Office: 
427 West Randolph Street, Chicago 6, Ill. 
Milk and Food Plant Equipment and Supplies 


FACTORIES, WAREHOUSES, BRANCHES, OFFICES 
OR DISTRIBUTORS AT YOUR SERVICE IN 56 CITIES 


Aendmaler te a gteal 


Your advertisement is being read in every State and in 25 Foreign Countries 
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PHOSPHATASE TEST FOR VARIOUS DAIRY PRODUCTS 


GEORGE P. SANDERS anp OSCAR 8S. SAGER 


Division of Dairy Research Laboratories, Bureau of Dairy Industry, Agricultural 
Research Administration, U. 8S. Department of Agriculture 


This report describes a laboratory test for various dairy products to 
determine the adequacy of pasteurization. It includes those modifications 
needed to produce uniformly quantitative phosphatase values under fixed, 
standard conditions in applying the test to various common varieties and 
kinds of cheese and to fluid milk, cream, ice cream mix, sherbet mix, chocolate 
drink, butter, sweet buttermilk, cultured buttermilk, fermented milk drinks, 
goats’ milk, and cheese whey. The modifications for different products are 
based on research in the Bureau of Dairy Industry; the results, with the 
exception of those for Cheddar cheese and fluid milk (1), have not yet been 
published. 


REAGENTS 

1. Buffers: 

a. Barium borate-hydroxide buffer. Dissolve 25.0 g. of C.P. barium hy- 
droxide,(Ba(OH).- 8 H,O—fresh, not deteriorated) in distilled water and 
dilute to 500 ml. In another flask or cylinder dissolve 11.0 g. of C.P. boric 
acid (H;BO;) and dilute to 500 ml. Warm each to 50° C., mix the two 
together, stir, cool to approximately 20°.C., filter, and stopper the filtrate 
tightly (pH 10.6). 

The buffer thus prepared is designated as the 25-11 buffer, the figures 
indicating the grams per liter of each of the respective reagents. Modifica- 
tions in the quantities of these two reagents, necessary in preparing the 
appropriate buffers for testing various products, are indicated in tables 1 
and 2. 

b. Color development buffer. Dissolve 6.0 g. of sodium metaborate 
(NaBO.)! and 20 g. of sodium chloride in water and dilute to 11. with water 
(pH 9.8). 


Received for publication July 10, 1947. 
1 Obtainable from Amend Drug and Chemical Company, Inc., 117 East 24th Street, 
New York 10, N. Y. 
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TABLE 1 


Phosphatase test modifications for different kinds of cheese and 
cheese of different ages 


Criterion, 
Age or extent Buffer for experi- 
Kind of cheese of curing ; opt. pH Precipitant mental, 
other details (9.85-10.20) phenol 
equivalent? 
¥/0.25 g. 
Cheddar, granular, < 1wk. 25-11» 6.0-0.1¢ 3 
stirred curd, hard 1 wk.-1.5 mo. 25-11 6.04 3 
cheese 1.5—4 mo. 26-11 6.0 3 | 
> 4mo. 27-11 6.0 3 
Washed curd, soaked < 1 wk. 25-11 6.0-0.1 3 
, eurd, Colby 1 wk.-2 mo. 25-11 6.0 3 
> 2 mo. 26-11 6.0 3 
Swiss, Gruyére < 1 wk. 25-11 6.0-0.1 3 
1 wk.—1 mo. 25-11 6.0 3 
1-3 mo. 26-11 6.0 3 
> 3 mo. 27-11 6.0 3 
Brick, Muenster < 1wk. 25-11 6.0-0.1 3 
1 wk.—1 mo. 25-11 6.0 3 ; 
1-2 mo. 25-11 6.0 3 } 
> 2 mo. 26-11 6.0 3 | 
Edam, Gouda < 1 wk. 25-11 6.0-0.1 3 
1 wk.—2 mo. 25-11 6.0 3 
2-4 mo. 26-11 6.0 3 
> 4mo. 27-11 6.0 3 
Blue mold, blue < 1wk. 25-11 6.0-0.1 3 
1 wk.—-1 mo. 26-11 6.0 3 
1-4.5 mo. 27-11 6.0 3 
> 4.5 mo. 28-11 6.0 3 
Camembert, Limburger < 1 wk. 25-11 6.0-0.1 4 
1 wk.-1 mo. 25-11 6.0 4 
1-2 mo. 26-11 6.0 + 
> 2 mo. 27-11 6.0 4 
Monterey < 1 wk. 25-11 6.0-0.1 3 
1 wk.—2 mo. 25-11 6.0 3 
> 2 mo. 26-11 6.0 3 j 
High moisture Jack < 1 wk. 25-11 6.0-0.1 3 
1 wk.—2.5 mo. 25-11 6.0 3 
> 2.5 mo. 26-11 6.0 3 
Provolone, pasta filata < 1 wk. 25-11 6.0-0.1 3 | 
1 wk.-1 mo. 25-11 6.0 3 | 
1-3 mo. 26-11 6.0 3° 
> 3 mo. 27-11 6.0 3 
Parmesan, reggiano, < 1 wk. 25-11 6.0-0.1 3 
monte, modena, 1 wk.—2 mo. 26-11 6.0 3 ] 
Romano, asiago old 2-6 mo. 27-11 6.0 3 
6 mo.—l yr. 28-11 6.0 .3 
29-11 6.0 3 | 
Asiago medium < 1 wk. 25-11 6.0-0.1 3 
1 wk.—1 mo. 25-11 ' 6.0 3 
1-3 mo. 26-11 6.0 3 
> 3 mo. 27-11 6.0 3 i 
Gorgonzola Same as blue i 


\ 
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Criterion, 
Age or extent Buffer for. experi- 
Kind of cheese of curing; opt. pH Precipitant mental, 
| other details (9.85-10.20) phenol 
equivalent@ 
y/0.25 g. 
Cottage,¢ cook cheese, Dry 25-11 6.0-0.1 0 
koch kaese Moist 25-11 (8 +2)° 4.5-0.1 0 
Cream cheese sists 25-11 (7 +3) 4.5-0.1 3 
Semi-soft cheese < 1 wk. 25-11 6.0-0.1 3 
1 wk.—1 mo. 25-11 6.0 3 
>1mo. 26-11 6.0 3 
| Soft ripened cheese < 1 wk. 25-11 6.0-0.1 4 
1 wk.—1 mo. 25-11 6.0 + 
> 1 mo. 26-11 6.0 4 
Nokkelost, kuminost, < 1 wk. 25-11 6.0-0.1 3 
sage cheese 1 wk.-1.5 mo. 25-11 6.0 3 
1.5-4 mo. 26-11 6.0 3 
> 4 mo. 27-11 6.0 3 
Pasteurized process, Soft, mild 25-11 6.0 3 
\ past. proc. pimiento, Medium firm 26-11 6.0 3 
j past. proc. with fruits, | Firm, sharp 
j meats, etc. (inel. Swiss, 
Gruyére) 27-11 6.0 3 
| Past. proc. cheese Same as 
foods; past. proc. pasteurized 
fruits, meats, ete. 
Past. proc. cheese Soft, high 
spreads; past. proc. moisture, 
cheese spreads with inel. cream 
fruits, meats, ete. spreads 25-11 6.0 3 
Less soft, incl. 
Blue 26-11 6.0 3 
Cold pack, club; cold Mild to medium 
pack cheese foods; flavored, soft 26-11 6.0 3 
cold pack cheese Sharp, firm 27-11 6.0 3 
focds with fruits, 
j meats, ete. 


@ Values higher than those shown indicate under-pasteurization. 
>Grams Ba(OH),: 8 H,O and H;BO,, respectively, per 1. 
¢ Grams ZnSO,- 7 H,O and CuSO,-5 H,0O, respectively, per 100 ml. 
4Grams ZnSO,-7 H,.O per 100 ml. 


e See also more sensitive modification in text—alternative. 
f Eight parts of 25-11 buffer plus 2 parts of water. 


: e. Color dilution buffer. Dilute 100 ml. of color development buffer 1—b 
to 11. with water. 
d. Standard borax buffer, 0.01-molar, for checking pH meter—pH 9.18 at 
| 25° C.2_ Dissolve 0.9603 g. of pure borax (Bureau of Standards Sample 187) 
in distilled water (distilled recently or freshly boiled and cooled) and dilute 
to 250 ml. Keep stoppered tightly. 
2 All pH values reported herein were determined at 25° C. or corrected to that tem- 
perature. 


\ 

q | 
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2. buffer substrates: 

a. For evaluating pasteurization. Dissolve 0.10 g. of phenol-free crystal- 
line disodium phenyl phosphate* in 100 ml. of the appropriate (tables 1 
and 2) barium borate-hydroxide buffer 1-a. 

b. For quantitative results with raw milk and raw-milk products. Dis- 
solve 0.20 g. of the phenol-free crystalline disodium phenyl phosphate in 
100 ml. of the appropriate (tables 1 and 2) barium borate-hydroxide buffer 
l-a, 


TABLE. 2 
Phosphatase test modifications for various dairy products other than cheese 
Criterion, 
Quantity of Buffer _, Precipi- experimental, 
Produet sample tant phenol 
equivalents 

Milk: 

1 ml. 25-115(5+5)e¢ | 3.0-0.64 | 2 y/0.5 ml. 

Old or slightly sour ..... 1 ml. 25-11 6.0- 2 y/0.5 ml 
Cream: 

lml.orlg. | 25-11 (5+5) 3.0-0.6 2 y/0.5 ml. or 0.5 g 

Old or slightly sour ..... 1ml.orlg. | 25-11 (8+2) 4.5 2 y/0.5 ml. or 0.5 g 
Tee Cream Mix 1 ml. 25-11 (8 +2) 4.5-0.1 2 y/0.5 ml 
Sherbet mix. .......... .| 25-11 (5+5) 3.0-0.6 | 2 y/0.5 ml 
Chocolate drink ... 1 ml. 25-11 (8+ 2) 4.5-0.1 2 y/0.5 ml 
18-8 6.0 2 y0.5 g. 
Sweet buttermilk .............. 1 ml. 25-11 (5+5) 3.0-0.6 2 y/0.5 ml 
Cultured buttermilk and 

fermented drinks: 

Medium acid .................. | 1 ml. 25-11 6.0¢ 2 y/0.5 ml 

Very acid, pH < 4.5... | 1 ml. 26-11 6.0 2 ¥/0.5 ml 
Goats’ milkf 3 ml 27-11 7.5-0.1 | 0 y/1.5 ml 
Cheese whey 1 ml. 25-11 (5+5) 3.0-0.6 2 y/0.5 ml 


®Values higher than those shown indicate under-pasteurization. 

> Grams Ba(OH),- 8 H.O and H;BO,, respectively, per 1. 

¢ Five parts of 25-11 buffer plus 5 parts of water. 

4Grams ZnSO,-7 and CuSO, - 5 H.O, respectively, per 100 ml. 

e Grams ZnSO,- 7 H,O per 100 ml. 

f 4-hour incubation period; use 7.0 ml. of filtrate and add 3.0 ml. of color development 


buffer 1-b. 


3. Protein precipitants: 

a. Zinc-copper precipitant for milk. Dissolve 3.0 g. of zine sulfate 
(ZnSO,-7H.O) and 0.6 g. of copper sulfate (CuSO,:5 H.O) in water and 
dilute to 100 ml. with water. The precipitant thus prepared is designated 
as the 3.0-0.6 precipitant. 

b. Zine-copper precipitant for unripened cheese. Dissolve 6.0 g. of zine 
sulfate and 0.1 g. of copper sulfate in water and dilute to 100 ml. with water. 
This precipitant is designated as the 6.0-0.1 precipitant. 

e. Zine precipitant for ripened cheese. Dissolve 6.0 g. of zinc sulfate in 


3 Obtainable, relatively pure, from Applied Research Institute, 2 East 23rd Street, 
New York 10, N. Y. 


| 

i 


PHOSPHATASE TEST 913 


water and dilute to 100 ml. with water. This precipitant is designated as 
the 6.0 precipitant. 

The quantities of the respective reagents to use in preparing the precipi- 
tants for testing other products, not mentioned under ‘‘ Protein precipitants’’ 
above, are indicated in tables 1 and 2. 

4. BQC or 2,6-dibromoquinonechloroimine solution (Gibbs’ reagent) : 
Dissolve 40 mg. of BQC* powder in 10 ml. of absolute ethyl or methyl] alcohol 
and transfer to a dark-colored dropper bottle. This reagent remains stable 
for at least a month if kept in the ice tray of a refrigerator. Do not use it 
after it begins to turn brown. 

5. Other reagents: 

a. Copper sulfate, 0.05 per cent, for standards. Dissolve 0.05 g. of copper 
sulfate in water and dilute to 100 ml. 

b. Butyl alcohol. Specify n-butyl alcohol, boiling point 116-118° C. To 
adjust the pH, mix 50 ml. of the color development buffer 1—b with a liter 
of the alcohol. 

6. Phenol standards: 

a. Stock solution. Weigh accurately 1.0g. of pure phenol, transfer to 
a liter volumetric flask, dilute to a liter with water, and mix. One ml. con- 
tains 1 mg. of phenol. Use this stock solution to prepare standard solutions. 
It is stable for several months in the refrigerator. 

b. Preparation of standards. Dilute 10.0 ml. of the stock solution 6-a to a 
liter with water, and mix. One ml. contains 10 y or wnits of phenol. Use 
this standard solution to.prepare more dilute standard solutions; e.g., dilute 
5, 10, 30, and 50 ml. to 100 ml. with water to prepare standard solutions con- 
taining 0.5, 1.0, 3.0, and 5.0 y or units of phenol per ml., respectively. Keep 
standard solutions in the refrigerator. 

In a similar manner, prepare from the stock solution as many more con- 
centrated standard solutions as may be needed, containing, for example, 20, 
30, and 40 units per ml. 

Measure appropriate quantities of the phenol standard solutions into a 
series of tubes (preferably graduated at 5.0 and 10.0 ml.) to provide a suita- 
‘ble range of standards as needed, containing 0 (control or blank), 0.5, 1.0, 
3.0, 5.0, 10.0, ete., to 30 or 40 units. To increase the brightness of the blue 
color and improve the stability of the standards, add 1.0 ml. of 0.05 per cent 
copper sulfate solution 5—a to each. 

Add 5.0 ml. of color dilution buffer 1-c and add water to bring the volume 
to 10.0 ml. Add 4 drops (0.08 ml.) of BQC 4, mix, and allow to develop for 
30 minutes at room temperature. If the butyl alcohol extraction method is 
to be used in the test, extract the standards as described under ‘‘ Conducting 
the test’’. 

Read the color intensities with a photometer, subtract the value of the 


4 Obtainable from Applied Research Institute. 
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blank from the value of each phenol standard, and prepare a standard curve 
(straight line). When the standards are to be used for visual comparisons, 


they should be stored in a refrigerator. 


PHOTOMETRIC DETERMINATION 


To read the color in aqueous solution, use a filter with maximum light 
transmission in the region of 610 my wave length. 

To read the color in butyl] alcohol, extract the color as described above and 
centrifuge the sample for 5 minutes to break the emulsion and to remove the 
moisture suspended in the alcohol layer.. A Babcock centrifuge can be 
adapted for this purpose by making special tube holders as follows: Slice a 
section 0.25 inch thick from a rubber stopper of suitable diameter to fit in 
the bottom of the centrifuge cup. Glue together two cork stoppers of appro- 
priate diameter, bore through the center a hole of proper size to hold the tube 
snugly, and insert the double cork section into the cup. After centrifuging, 
remove nearly all of the butyl aleohol by means of a pipet with a rubber bulb 
on the top end. Filter the alcohol into the photometer cell and read with a 
filter with maximum light transmission in the region of 650 mp wave length. 

If more than approximately 4 ml. of butyl alcohol is required for the 
photometer used, conduct the test in a larger tube and extract the color, in 
both the test and the standards, with the necessary quantity of butyl alcohol 
rather than with 5 ml. specified above. 


SAMPLING 


1. Milk and other fluid products: Mix the product well, pour several 
milliliters into a small tube, stopper the tube, and keep it in a refrigerator. 

2. Hard cheese: Take a sample from the interior with a clean Roquefort 
trier, place in a small tube, stopper the tube, and keep it in a refrigerator. 

3. Soft and semi-sofi ripened cheese: Harden the cheese by chilling it in 
the freezing chamber of a refrigerator. Take special precautions to avoid 
contaminating the sample with phosphatase that may be present on the sur- 
face ; use either of the following methods for sampling : 

a. Cut a portion from the end of the loaf or from the side of the cheese, 
extending in at least 2 inches if possible or to a point somewhat beyond the 
center in the case of a small cheese. Cut a slit about 0.5 inch deep at least 
halfway around the portion and midway between the top and bottom. Break 
the portion into two parts, pulling it apart so that it breaks on a line with 
the slit, being careful not to contaminate the freshly-exposed, broken surface. 
Remove the sample from the freshly-exposed surface at or near the center of 
the cheese. 

b. Remove the surface of the area to be sampled—e.g., the end and the 
adjacent sides—with a clean knife or spatula, to a depth of 0.25 inch. Clean 
the instrument and hands with hot water and phenol-free soap and wipe 
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them dry. Remove the freshly-exposed surface to a similar or greater depth, 
and repeat the cleaning. Then take the sample from the center of the 
freshly-exposed area, preferably at or near the center of the cheese in the 
case of a small cheese. 

4. Process cheese, spreads, butter, and other non-fluid products: Take the 
sample from beneath the surface with a clean knife or spatula. 

5. Ice cream and sherbet: Melt the portion removed and allow it to re- 
main melted for an hour or longer before testing it as a fluid product. 

Avoid the use of samples contaminated with mold. 


CONDUCTING THE TEST 


The chemical principles involved in the detection and measurement of 
milk phosphatase activity are the same for all dairy products. The funda- 
mental reasons for the general modifications in the test were described earlier 
(1). Some modifications, described below, have been found necessary for 
different dairy products, because of their differences in physical properties, 
compositions, and especially buffering capacities. 

Cheese: 

Step 1. Weigh, on a clean balance pan or watch glass, a 0.50-g. sample 
(or preferably two samples) and place in a culture tube 16 or 18 x 150 mm. 
Similarly, weigh another sample and place in a tube as a control or blank. — 
If the cheese is sticky, weigh the sample on a piece of wax paper about 1x1 
inch and insert the paper with the sample into the tube. Macerate the blank 
and the test with a glass rod about 8 x 180 mm. 

Step 2. Add to the blank 1.0 ml. of the appropriate barium buffer 1-a 
(without substrate added) (table 1), macerate with the rod, leave the rod 
in the tube, heat for about a minute to at least 85° C. in a beaker of boiling 
water with the beaker covered so that the entire tube is heated to approxi- 
mately 85° C., cool to room temperature, and macerate again with the rod. 

Step 3. Add to the test 1.0 ml. of the appropriate barium buffer sub- 
strate 2—a or 2-b (table 1), and macerate. 

From this point, treat the blank and the test in a similar manner. 

Add 9.0 ml. of the appropriate barium buffer substrate 2—a or 2-b (total, 
10.0 ml. added), and mix. The rod may be left in the tube during incuba- 
tion ; if it is removed at this point, cut a piece of filter paper approximately 
1x 1 inch, wrap and hold it tightly around the rod, rotate the rod while with- 
drawing it from within the tube so as to wipe the rod clean, insert the paper 
with the adhering fat into the tube, and stopper the tube. 

Step 4. Incubate in a water bath at 37-38° C. for 1 hour, mixing or 
shaking the contents occasionally. 

Step 5. Place in a beaker of boiling water for nearly a minute, heating . 
to approximately 85° C. (use a thermometer in another tube containing Ge 
same volume of liquid). Cool to room temperature. 
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blank from the value of each phenol standard, and prepare a standard curve 
(straight line). When the standards are to be used for visual comparisons, 
they should be stored in a refrigerator. 


PHOTOMETRIC DETERMINATION 


To read the color in aqueous solution, use a filter with maximum light 
transmission in the region of 610 mp wave length. 

To read the color in buty] alcohol, extract the color as described above and 
centrifuge the sample for 5 minutes to break the emulsion and to remove the 
moisture suspended in the alcohol layer.: A Babcock centrifuge can be 
adapted for this purpose by making special tube holders as follows: Slice a 
section 0.25 inch thick from a rubber stopper of suitable diameter to fit in 
the bottom of the centrifuge cup. Glue together two cork stoppers of appro- 
priate diameter, bore through the center a hole of proper size to hold the tube 
snugly, and insert the double cork section into the cup. After centrifuging, 
remove nearly all of the butyl alcohol by means of a pipet with a rubber bulb 
on the top end. Filter the alcohol into the photometer cell and read with a 
filter with maximum light transmission in the region of 650 mp wave length. 

If more than approximately 4 ml. of butyl alcohol is required for the 
photometer used, conduct the test in a larger tube and extract the color, in 
both the test and the standards, with the necessary quantity of butyl alcohol 
rather than with 5 ml. specified above. 


SAMPLING 


1. Milk and other fluid products: Mix the product well, pour several 
milliliters into a small tube, stopper the tube, and keep it in a refrigerator. 

2. Hard cheese: Take a sample from the interior with a clean Roquefort 
trier, place in a small tube, stopper the tube, and keep it in a refrigerator. 

3. Soft and semi-sofi ripened cheese: Harden the cheese by chilling it in 
the freezing chamber of a refrigerator. Take special precautions to avoid 
contaminating the sample with phosphatase that may be present on the sur- 
face ; use either of the following methods for sampling : 

a. Cut a portion from the end of the loaf or from the side of the cheese, 
extending in at least 2 inches if possible or to a point somewhat beyond the 
center in the case of a small cheese. Cut a slit about 0.5 inch deep at least 
halfway around the portion and midway between the top and bottom. Break 
the portion into two parts, pulling it apart so that it breaks on a line with 
the slit, being careful not to contaminate the freshly-exposed, broken surface. 
Remove the sample from the freshly-exposed surface at or near the center of 
the cheese. 

b. Remove the surface of the area to be sampled—e.g., the end and the 
adjacent sides—with a clean knife or spatula, to a depth of 0.25 inch. Clean 
the instrument and hands with hot water and phenol-free soap and wipe 
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them dry. Remove the freshly-exposed surface to a similar or greater depth, 
and repeat the cleaning. Then take the sample from the center of the 
freshly-exposed area, preferably at or near the center of the cheese in the 
case of a small cheese. 

4. Process cheese, spreads, butter, and other non-fluid prod cts: Take the 
sample from beneath the surface with a clean knife or spatula. 

5. Ice cream and sherbet: Melt the portion removed and allow it to re- 
main melted for an hour or longer before testing it as a fluid product. 

Avoid the use of samples contaminated with mold. 


CONDUCTING THE TEST 


The chemical principles involved in the detection and measurement of 
milk phosphatase activity are the same for all dairy products. The funda- 
mental reasons for the general modifications in the test were described earlier 
(1). Some modifications, described below, have been found necessary for 
different dairy products, because of their differences in physical properties, 
compositions, and especially buffering capacities. 

Cheese: 

Step 1. Weigh, on a clean balance pan or watch glass, a 0.50-g. sample 
(or preferably two samples) and place in a culture tube 16 or 18 x 150 mm. 
Similarly, weigh another sample and place in a tube as a control or blank. 
If the cheese is sticky, weigh the sample on a piece of wax paper about 1x1 
inch and insert the paper with the sample into the tube. Macerate the blank 
and the test with a glass rod about 8 x 180 mm. 

Step 2. Add to the blank 1.0 ml. of the appropriate barium buffer 1-a 
(without substrate added) (table 1), macerate with the rod, leave the rod 
*n the tube, heat for about a minute to at least 85° C. in a beaker of boiling 
water with the beaker covered so that the entire tube is heated to approxi- 
mately 85° C., cool to room temperature, and macerate again with the rod. 

Step 3. Add to the test 1.0 ml. of the appropriate barium buffer sub- 
strate 2—a or 2—b (table 1), and macerate. 

From this point, treat the blank and the test in a similar manner. 

Add 9.0 ml. of the appropriate barium buffer substrate 2-a or 2—b (total, 
10.0 ml. added), and mix. The rod may be left in the tube during incuba- 
tion ; if it is removed at this point, cut a piece of filter paper approximately 
1x 1inch, wrap and hold it tightly around the rod, rotate the rod while with- 
drawing it from within the tube so as to wipe the rod clean, insert the paper 
with the adhering fat into the tube, and stopper the tube. 

Step 4. Incubate in a water bath at 37-38° C. for 1 hour, mixing or 
shaking the contents occasionally. 

Step 5. Place in a beaker of boiling water for nearly a minute, heating - 
to approximately 85° C. (use a thermometer in another tube containing ™ 
same volume of liquid). om to room temperature. 
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Step 6. Pipet in 1.0 ml. of the zine precipitant 3-c for ripened cheese, 
or the zine-copper precipitant 3—b for unripened cheese, and mix thoroughly 
(pH of mixture, 9.0-9.1). 

Step 7. Filter (5-em. funnel, 9-cm. Whatman no. 42 or no. 2 paper 
recommended ), and collect 5.0 ml. of filtrate in a tube, preferably graduated 


at 5.0 and 10.0 ml. 
Step 8. Add 5.0 ml. of color development buffer 1-b (pH of mixture, 


9.3-9:4). 

Step 9. Add 4 drops of BQC® 4, mix, and allow the color to develop 
for 30 minutes at room temperature. 

Step 10. Determine the amount of blue color by either of two methods: 

a. With a photometer. Read the color intensity of the blank and that 
of the test, subtract the reading of the blank from that of the test, and con- 
vert the result into phenol equivalents by reference to the standard curve 
described under ‘‘Phenol standards’’. The butyl alcohol extraction method 
ordinarily is unnecessary when using a photometer. 

b. With visual standards. For quantitative results in borderline in- 
stances, e.g., tests yielding 0.5 to 5 units of color, extract with butyl alcohol 
5-b. Add 5.0 ml. of the alcohol and invert the tube slowly several times; 
centrifuge if necessary to increase the clearness of the alcohol layer, and com- 
pare the blue color with the colors of standards in the alcohol. 

With samples yielding more than 5 units, compare the colors in aqueous 
tests with those of aqueous standards. 

Step 11. Dilution method for quantitative results: In tests that are ob- 
served to be strongly positive during color development—e.g., 20 units or 
more—in which 4 drops of BQC may be much less than sufficient to combine 
with all of the phenol, pipet an appropriate proportion of the contents into 
another tube, make up to 10.0 ml. with color dilution buffer 1-c, and add 2 
drops more of BQC in the case of an unripened product or 4 drops in the 
case of a ripened product. With each test, dilute and treat the blank in the 
corresponding manner. Dilute each strongly positive test thus until the 
final color is within the range of the visual standards or photometer. Allow 
30 minutes for color development after the last addition of BQC, and make 
the reading at the end of the 30-minute period. To correct, multiply by 2 
for a 5+5 dilution, by 10 for a 1+9 dilution, and by 50 for a1+9 followed 
by a 2+8 dilution. 

Alternatively, to reduce the amount of yellow off-color, add 2 instead of 
4 drops of BQC after each dilution, and allow the color to develop. Then 
test the completeness of color development by adding a third drop. Repeat 
the dilution procedure until the addition of an extra drop does not cause 
any further increase in the amount of blue color. 

5 For merely detecting under-pasteurization in testing unripened cheese, 2 drops are 
sufficient, provided the visual standards likewise are prepared with 2 drops. 


’ 
i! 
ti 


PHOSPHATASE TEST 917 


Step 12. Calculation and evaluation of result: When using 0.5 g. of 
solid sample and adding a total of 11.0 ml. of liquid, multiply the value of the 
reading by 1.1 to convert it to units of color or phenol equivalents per 0.25 g. 
of cheese. If desired, the result may be converted to phenol equivalents per 
1 g. by multiplying by 4.4. Evaluate the result by comparing it with the 
criteria of pasteurization in table 1. 

Milk and other fluid products: 

Step 1. Pipet a 1.0-ml. sample (preferably two) into a tube and pipet 
1.0 ml. into another tube as a control or blank. In testing cream, the sample 
may be weighed (1.0 g.) if desired ; in testing goats’ milk, pipet in a 3.0 ml. 
sample (table 2). 

Step 2. Heat the blank to the temperature indicated under ‘‘ Cheese: 
Step 2’’, and cool to room temperature. From this point, treat the blank 
and the test in a similar manner. , 

Step 3. Add 10.0 ml. of the appropriate barium buffer substrate 2-a or 
2-b (table 2), stopper the tube, and mix. 

Steps 4 to 11, inclusive. Follow the directions given for the correspond- 
ing steps under ‘‘Cheese’’ above, substituting the appropriate precipitant 
(table 2) in step 6, and, for merely detecting under-pasteurization, using 2 
rather than 4 drops of BQC in step 9. 

Step 12. Calculation and evaluation of result: When using 1.0 ml. of 
fluid sample and adding 11.0 ml. of liquid (total liquid 12.0 ml., 5.0 ml. of 
filtrate used), multiply the value of the reading by 1.2 to convert it to phenol 
equivalents per 0.5 ml. of sample. If desired, the result may be converted 
to phenol equivalents per 1 ml. by multiplying by 2.4. Evaluate the result 
by comparing it with the criteria of pasteurization in table 2. 

Butter: 

Step 1. Weigh, on a piece of wax paper about 1 x 1 inch, on a balance, 
a 1.0-g. sample (preferably two) and insert the paper with the sample into 
the tube. Similarly, weigh another sample and place in a tube as a control 
or blank. ; 

Step 2. Heat the blank to the temperature indicated under ‘‘ Cheese: 
Step 2’’, and cool to room temperature. From this point, treat the blank 
and the test in a similar manner. 

Step 3. Add 10.0 ml. of barium buffer substrate 2-a or 2-b (prepared 
with 18-8 barium buffer, table 2), stopper the tube, and mix. 

Steps 4 to 11, inclusive. Follow the directions given for the correspond- 
ing steps under ‘‘Cheese’’ above, mixing the contents frequently and thor- 
oughly during incubation, substituting the appropriate zine precipitant 
(table 2) in step 6, and, for merely detecting under-pasteurization, using 2 
rather than 4 drops of BQC in step 9. 

Step 12. Calculation and evaluation of result: When using 1.0 g. of 
butter and adding 11.0 ml. of liquid, multiply the value of the reading by 
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1.1 to convert the result to phenol equivalents per 0.5 g. of butter. Evaluate 
the result by comparing it with the criterion of pasteurization in table 2. 


MODIFICATIONS FOR DIFFERENT CHEESES AND OTHER DAIRY PRODUCTS 


Different dairy products, and different kinds of cheese and cheeses of 
different ages, have different buffering capacities, and, therefore, some of 
them require modification of concentrations of the reagents. The modifica- 
tions of the barium buffer needed to produce optimal pH conditions during 
incubation (9.85-10.20), and of the precipitant to yield uniformly clear fil- 
trates and to minimize interference during color development under optimal 
pH conditions (9.3-9.4), are specified in tables 1 and 2. 

With some samples, especially cheese samples of unknown history, slight 
deviations from the optimal pH range may occur, but such deviations do not 
very materially affect the results. For example, pH values as low as 9.6 or 
as high as 10.35 during incubation have been found to result in an average 
decrease of not more than 20 per cent below the maximum in the quantity 
of phenol liberated. The use of the 25-11 buffer substrate with samples for 
which the 27-11 buffer substrate is specified yields pH values not lower 
than 9.8. 

A trace of cloudiness in the filtrate, following the use of the precipitant 
as prescribed, indicates that the concentration of barium hydroxide in the 
buffer was not sufficiently great, i.e., that the buffer substrate was not suffi- 
ciently alkaline. For example, the 25-11 buffer diluted 5+5 with water, 
for use with fresh milk, may yield a cloudy filtrate if used with old milk 
having a pH below approximately 6.0, or with milk that has soured, and the 
test should be repeated with a more concentrated buffer and precipitant. 
Likewise, the 25-11 buffer, for use with unripened cheese, may yield a cloudy 
filtrate if used with ripened cheese, indicating that the concentration of the 
buffer used was not sufficient. Increasing the concentration of zinc sulfate 
in the precipitant also eliminates turbidity of the filtrate. 

In testing cheese of unknown history or age, information as to the per- 
centage of solids, especially the nonfat solids, is useful as an indication of 
the correct buffer to use; cheese with a relatively high percentage of nonfat 
solids generally requires the use of a relatively concentrated buffer to adjust 
the pH of the mixture correctly. 

For precise quantitative results on unknown samples, adjust the pH to 
10.0—-10.05 for the incubation. 

Cottage cheese curd is heated in the presence of considerable acid during 
manufacture, and therefore its phosphatase values are comparatively low. 
Alternatively, to increase the sensitivity of the test on cottage cheese, apply 
the following modifications: Use a 1.0-g. sample, 27-11 buffer substrate, 
2-hour incubation, 6.0-0.1 precipitant, and a pasteurization criterion of 2 


units per 0.5 g. 
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Phosphatase activity is much less in goats’ milk than in cows’ milk. The » 
details of a modification designed to increase the sensitivity of the test 
applied to goats’ milk are specified in table 2. 

To test concentrated milk products, reconstitute the product with water 
to its original concentration of milk solids and test in the manner specified 
for the original product. 

In this work, phosphatase activity caused by microorganisms has not been 
found in any fresh or reasonably fresh products. It has been encountered 
in some samples of old butter and old cream, on the surfaces of some soft 
and semi-soft ripened cheeses, and in several specific cultures of microorgan- - 
isms. Such activity, in al! samples tested to date, is indicated by blue color 
in the controls or blanks heated as described above. This seems to indicate, as 
others have pointed out earlier in tests on a few strains of microorganisms, 
that microbial phosphatases require a higher temperature for inactivation 
than milk phosphatase. If any blue color is noted in the blank, the pres- 
ence of microbial phosphatase should be suspected. To test further for the 
presence of microbial phosphatase, repeat the determination, adding 1 ml. 
of the appropriate barium buffer (without substrate) to the blank and heat 
it for 5 minutes in boiling water in a covered beaker. If the blank treated 
thus is negative, it indicates that the blue color in the original blank was due 
to microbial phosphatase, 7.e., a ‘‘false positive’’ sample. 


PRECAUTIONS 


The length of time that the crystalline disodium phenyl phosphate and 
the BQC powder will remain stable can be increased greatly by keeping them 
in the freezing chamber of a refrigerator. 

The glassware, stoppers, and sampling tools should be scrupulously clean, 
and it is desirable to soak them in hot, running water after cleaning. 

The solid barium hydroxide and the barium buffer must be kept stop- 
pered tightly to prevent absorption of carbon dioxide. 

Phenolic contamination from plastic closures on reagent bottles has been 
encountered, and therefore the use of plastic closures should be avoided. 
Rubber stoppers should not be used in flasks in which butyl] alcohol is stored. 
Glass or cork stoppers should be used. 


ACKNOWLEDGMENT 


The authors acknowledge the helpful advice and suggestions of the mem- 
bers of the Research Committee of the National Cheese Institute and of Dr. 
E. W. Gaumnitz, its Executive Secretary; also, the cooperation of the fol- 
lowing members of that Committee and of the cheese industry, who fur- 
nished samples of cheese for analyses: Dr. L. K. Riggs (Chairman, Research 
Committee) and Dr. M. J. Hall, Kraft Foods Co. ; C. Angerer, Borden Cheese 
Co.; A. Castigliano, President, and E. Traisman, Stella Cheese Co.; Dr. 


920 GEORGE P. SANDERS AND OSCAR S. SAGER 


Arthur B. Erekson and Fred Feutz, Lakeshire-Marty Co.; Dr. C. B. Lane, 
Blue Moon Foods, Ine.; S. M. Pope, Shefford Cheese Co.; and Dr. M. W. 
Yale, Arden Farms Co. Particularly useful suggestions on the chemistry 
of the test were received from William Horwitz, Food and Drug Adminis- 
tration, Minneapolis, Minn. 

REFERENCE 
(1) SAnpers, G. P., AND Sacer, O. S. Modification of the Phosphatase Test as Applied 


to Cheddar Cheese and Application of the Test to Fluid Milk. Jour. Dairy Sci., 
29: 737-749. 1946. 


| 
| 
| 


EFFECT OF HAY FEEDING IN SUMMER ON MILK PRODUCTION 
AND GRAZING PERFORMANCE OF DAIRY COWS 


D. M. SEATH anv G. D. MILLER 
Dairy Research Department, Louisiana Agricultural Experiment Station, Baton Rouge 


Previous studies in Louisiana (1, 2, 3) showed that milk cows apparently 
suffer from summer daytime atmospheric conditions. As a result, on warm 
days the grazing time between morning and evening milkings averaged less 
than 2 hours daily. While not grazing the cows were found in the shade. 
This time spent in the shade frequently was for periods of from 5 to 6 
hours. During these periods cows did not have opportunity to refill their 
paunches unless they ventured into the sunshine, and this they did not do. 

The present study was initiated in an effort to determine the value of 
providing hay as a supplemental midday feed. Extra feed thus would be 
provided to the animals at a time about midway between the time cows ceased 
grazing in the forenoon and when they entered the milking barn in the 
evening. Not oniy was there a desire to learn how this supplemental feed- 
ing would affect milk production, but information also was sought on how 
such a practice might change the grazing performance of cows and their re- 
actions to heat. Unpublished data from a preliminary Louisiana trial con- 
ducted in 1940 gave non-significant increases in milk yields when hay was 
fed at milking time during summer months while cows were on pasture. 
The hay fed was white Dutch clover and averaged 9 lb. daily. In that trial 
no check was made on possible changes in body weight of cows caused by the 
hay feeding. 

EXPERIMENTAL PROCEDURE 

Twenty cows, consisting of four groups of five Holstein cows each, were 
used in a manner appropriate for two double-reversal experiments. Cows 
were assigned to the groups so as to secure as much uniformity as possible, 
considering milk yield, stage of lactation, and other factors. Milk yields 
averaged approximately 27 lb. per cow daily at the start of the experiment. 
The experiment continued for 60 days, being divided into three 20-day 
periods. The first 10 days of each period were considered as the transition 
or preliminary period, and only the last 10 days were utilized in measuring 
results. 

During four relatively clear, warm days of each test period cows were 
watched continuously, day and night, in order to secure a record of their 
grazing performance. 

Hay fed in the trial was that cut in May, 1946, from a white Dutch clover 
field in St. Mary Parish, Louisiana. About two-thirds of the hay consisted 
of clover, while the remainder was grass, which consisted primarily of canary 
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grasses (Phalaris agusta Ness and Phalaris caroliniana Walt). This grass 
portion was coarse and stemmy and was low in palatability. 

During each of the three periods two groups of cows served as checks 
and received no hay. A third group was fed hay free-choice at the rate of 
0.5 per cent of body weight per cow; the fourth group was fed in a similar 
manner all the hay they would clean up. The hay was placed in feeding 
racks located in the shade within pastures at around 11:30 a.m. daily, and 
cows ate most of their hay prior to entering the milking barn at 3:30 p.m. 
Prior to each milking, an appropriate grain mixture was fed to cows, indi- 
vidually, at a daily rate of 0.4 lb. for each pound of milk produced in ex- 
cess of 13 Ib. daily. , 

Excellent pasture was available to the cows throughout the experiment. 
More than average amounts of rainfall caused a greater than usual growth 
of the prevailing grasses—carpet (Axonopus affinis), Bermuda (Cynodon 
dactylon), and Dallis (Paspalum dilatatum). The pasture area was divided 
by electric fencing so that the ten cows in check groups grazed one-half the 
area and each of the hay-fed groups of five cows each grazed one-fourth of 
the pasture. 

Cows were weighed for 3 consecutive days at the start and end of each 
experimental period in order to determine changes in body weight. 


RESULTS 


Hay consumption. Actual amounts of hay consumed after deducting 
that refused averaged 5.54 lb. per cow daily under the full-feeding schedule 
and 4.69 lb. per cow when limited to 0.5 per cent of body weight. At the 
time the experiment was planned it was estimated that hay consumption 
under the full-feeding plan would be twice that on the restricted level of 
0.5 per cent of body weight. The fact that an average of only 18.1 per 
cent more hay was consumed was due partially to the presence of low-quality 
canary grass in the mixed hay fed. 

Milk production and fat test. Milk yields (table 1) based on averages 
for the various groups and levels of hay feeding showed only minor changes 
due to hay feeding. Group A averaged 0.4 lb. more milk per cow daily on 
limited hay than during the check period, but group B averaged 1.0 Ib. less 
per cow daily on limited hay than when on check periods. On full feeding 
of hay group C averaged 0.1 lb. per cow daily less than during the check 
period, and group D had an advantage in favor of hay feeding of only 0.1 
lb. of milk per cow daily. 

An analysis of fat tests for individual cows during the experiment re- 
vealed no uniform trend either upward or downward attributable to hay 
feeding. Most of the variation found in tests was between periods, affect- 
ing in similar manner cows fed hay and those without hay. 

Day and night grazing time. The feeding of hay had only a minor 
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TABLE 1 
Effect of hay feeding at two levels on daily milk yield per cow 
Av. milk yields on: 
mo L d Full-fed 
roups imite -fe ‘ 
tiie No hay hay hay Difference 
(1b.) (1b.) (1b.) (1b.) 
A 22.5 +0.4 
B 22.6* -10 
Cc 25.3* -0.1 
D 24.0 +0.1 


* These averages represent mean values for 5 cows during first and third test periods. 
All other averages are based on those for 5 cows during second test period. 


effect on grazing time (table 2). Limited hay feeding apparently caused 
no reduction in grazing time; full-hay feeding resulted in less time spent 
grazing. Daytime grazing (between morning and evening milkings) aver- 
aged 1.92 hours for check periods and 1.63 hours for full-hay feeding 
periods. Night grazing (between evening and morning milkings) averaged 
4.85 hours for check periods and 4.47 hours under full-hay feeding periods. 
The 24-hour totals for grazing thus averaged 6.77 hours for checks and 6.1 
hours for full-hay feeding. The indicated reduction in grazing time due 
to the full feeding of hay was 0.67 hour or 40 minutes. 

A more detailed breakdown of the grazing data by periods (table 3) re- 
veals trends previously reported for Louisiana milking cows (1, 2) plus 
added information on activities of cows other than grazing. Daytime graz- 


TABLE 2 . 
Effect of hay feeding on day and night grazing time among groups of cows 
Periods 
Treatment I Il III Av. 
(hr.) (hr.) (hr.) (hr.) 
(Daytime grazing) 

2.53 1.58 2.22 2.12 

2.20 0.97 1.73 1.63 

2.38 2.15 1.90 

2.58 0.85 2.35 1.93 

2.47 1.13 2.12 1.90 

(Night grazing) 
24-hr. 
Av. ping 

Limited hay .................. 4.40 4.15 5.30 4.62 6.73 
4.42 4.10 4.88 4.47 6.10 
4.25 5.15 4.97 4.78 6.68 
4.30 5.30 5.17 4.92 6.85 
° 4.35 4.67 5.07 4.70 6.60 
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TABLE 3 


Pasture performance of Holstein cows (20 cows with observation for 3 days 
during each period) 


Daytime summary 


> Grazing Not grazing 
| 
Periods In shade 
In Lying | Eating 
In sun Total | hay* Total 
(°F.) (hr.) (hr.) (hr.) (hr.) (hr.) (hr.) (hr.) 
| See 81 1.99 0.44 2.43 3.45 1.25 0.80 5.10 
|: oe 91 0.72 0.42 1.14 4.10 1.76 1.00 6.86 
a... | & 1.76 0.36 2.12 4.74 0.08 1.18 | 6.00 
DOM, sscier 87 1.49 0.40 1.89 4.10 1.03 0.66 5.99 
Night summary 
: Grazing Not grazing 
Periods Air temp.} 
Total Standing Lying down Total 
(°F.) (hr.) (hr.) (hr.) (hr.) 
| nan 76 4.36 1.33 3.89 5.22 
:: 79 4.67 1.89 2.83 4.72 
a 72 5.08 0.63 3.84 4.47 
AM, 76 4.70 1.28 3.52 4.80 


24-hr. totals 


Total 
time in Grazing Not grazing 
pasture 
(hr.) (hr.) (%) (hr) (%) 
Daytime ... 8.13 1.90 23.3 6.23 76.6 
Night ........ 9.50 4.70 49.5 4.80 50.5 
17.63 6.60 37.4 11.03 62.6 


* Only one-half of cows were fed hay during each period, so time spent eating hay 
is for one-half of cows. 

t At 3: 00 p.m. 

¢ At 11: 30 p.m. 
ing averaged 1.49 hours in the sunshine and 0.4 hour in the shade of trees, 
ete. The most daytime grazing occurred during the first period, when air 
temperatures were the lowest (81° F. at 3:00 p.m.). During this period 
grazing averaged 2.43 hours as compared to 1.14 hours for the second period 
when air temperatures at 3:00 p.m. were 91° F. 

Daytime spent not grazing consisted of 4.1 hours standing or lying in 
the shade (not in mud), 1.03 hours lying in mud, and 0.66 hour eating hay 
(for those fed hay). Grazing at night averaged 4.7 hours, while time not 
grazing consisted of 1.28 hours with cows standing and 3.52 hours with them 
lying down. 

Body weight changes. Cows, on an average, lost weight during each of 
the first two 20-day periods and gained during the third period (table 4). 
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TABLE 4 
Changes in body weight during experimental periods 

Av. changes in body weights for period: 
I II 
(1b.) (1b.) (1b.) 
- 1 - 20 +17 
B. Cheek group ................. — 26 - 6 +17 
C. Limited hay group - 7 -13 +16 
D. Full-fed hay group .............. + 8 -17 +17 


There was no uniform trend indicating that hay feeding aided in maintain- 
ing body weight. The fact that cows in all groups gained rather than 
lost in body weight during the third period may have been due to the more 
favorable weather or better pasture, or to a combination of these two factors. 


SUMMARY 


1. Two double-reversal trials involving four groups of five cows each 
were conducted simultaneously over a period of three 20-day periods. The 
effect of feeding limited and full feedings of hay to cows at midday while 
they were in the shade was tested while cows had access to excellent perma- 
nent pasture. The fact that the hay fed consisted of one-third grass (and 
two-thirds clover) may have caused the results to be quite different from 
those which might have been secured had all of the hay consisted of high 
quality clover. 

2. Average change in production for the two groups used in determining 
the influence of limited hay feeding (0.5 per cent of body weight daily) was 
+ 0.4 and -—1.0 lb. of milk per cow daily. Daily hay consumption averaged 
4.69 lb. per cow during periods fed hay. 

3. The two groups on the full-hay feeding phase showed changes due to 
the hay supplementation averaging +0.1 and —0.1 lb. per cow daily com- 
pared to check periods, and during periods fed hay consumed an average 
of 5.54 lb. per cow daily. Changes in milk yields due to feeding of hay 
proved insignificant and economically unprofitable. 

4. No reduction for time spent grazing due to limited hay feeding could 
be found, although those on full feeding of hay grazed an average of 40 
minutes per day less than during check periods without hay. This differ- 
ence appeared to be due to chance variation rather than definitely to be 
caused by hay feeding. 

5. Hay feeding failed to produce definite changes in body weights of 
cows other than those also shown by check groups not fed hay. 

6. Grazing in daytime consisted of 1.49 hours in the sunshine and 0.4 
hour in the shade. Time during day not grazing averaged 4.1 hours with 
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cows standing or lying in shade, 1.03 hours lying in mud, and, for periods 

fed hay, 0.66 hour eating hay. 

’ 7. Activities at night averaged 4.7 hours actually grazing, 1.28 hours 
standing not grazing, and 3.52 hours lying down. 


CONCLUSIONS 


Results of this experiment would indicate that cows on very good pas- 
ture under conditions existing in southern Louisiana benefit only slightly 
if at all from the feeding of hay at midday. Hay feeding reduced little, if 
any, the time that cows actually graze either in daytime or night. Had 
better quality hay been used, it is possible that there may have been con- 
sistent beneficial effects from the hay feeding and a greater influence on 
grazing time. 

The information secured confirms previous work in Louisiana (1) on how ' 
grazing time is shortened by increases in air temperature, and that cows 
in summer graze much more at night than in the daytime. The tendency 
for Holstein cows to lie in mud when possible again was noted (2). It 
remains for future experimentation to determine the practicability of hay 
supplementation to cows when on poor pasture and whether or not supple- 
mental feeds other than hay might produce better results than those secured 
in this experiment. 
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THE CONCENTRATION AND OUTPUT OF CAROTENOID PIG- 
MENTS, VITAMIN A, AND RIBOFLAVIN IN THE 
COLOSTRUM AND MILK OF DAIRY COWS 


T. S. SUTTON, R. G. WARNER, anp H. E. KAESER 
The Ohio State University and The Ohio Agricultural Experiment Station, Columbus 


The importance of vitamin A in the nutrition of the newborn calf is well 
established. Recent work at the University of Illinois (15) has demon- 
strated that when young calves (less than 48 hours old) are placed on a 
riboflavin-free synthetic diet, a deficiency syndrome which can be cured by | 
the administration of riboflavin develops in about 2 weeks. Thus, the 
- importance of the riboflavin content of colostrum and milk in the nutrition 
of the very young calf is emphasized. 

Likewise, the data on the carotene and vitamin A content of colostrum 
are numerous, while much fewer data are available on riboflavin. 

Since the work of Dann in 1933 (2), a substantial number of papers have 
appeared in which data on the vitamin-A value of colostrum were presented, 
notably those of Semb et al. (9), Stewart and McCallum (11, 12), Henry 
et al. (5), Kramer et al. (6), Sutton et al. (13), Hansen et al. (4), and 
Spielman et al. (10). In some of these reports the colostrum obtained from 
two or more milkings was combined for assay, and in many instances the 
sampling procedure was not described. In the experience of the authors 
the method of sampling is important in obtaining a sample for an accurate 
estimation of the vitamin A and carotene potency of the colostrum obtained 
at any particular milking. 

The data on the riboflavin content of colostrum are not so numerous. 
In 1938 Kramer et al. (7) made a biological determination of the riboflavin 
in the colostrum and milk of two Holstein and two Jersey cows on the first, 
fifth, and thirtieth day of lactation. They found that first-day colostrum 
was approximately two times as potent in riboflavin as fifth-day milk and 
three times as potent as thirtieth-day milk. 

Theophilus and Stamberg (14) made fluorometric determinations of 
the riboflavin content of the colostrum and milk of two Holstein and two 
Jersey cows on each of 8 consecutive days following parturition and on the 
twentieth day. They found that the colostrum was from 2.5 to 3.5 times 
as high in riboflavin as normal milk. Pearson and Darnell (8), using a 
larger number of cows of the Holstein and Jersey breeds, found that colos- 
trum at parturition contained an average of 6.10 yg. of riboflavin per ml. 
and was approximately 3.4 times as potent as normal milk. 

The data on riboflavin content of cows’ colostrum which have appeared 
have been from the Jersey and Holstein breeds. While the decline from 
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day to day has been reported by Pearson and Darnell (8), the decline with 
successive milkings has not been reported. Only limited data are available 
on the total output of carotene, vitamin A, and riboflavin during the early 
stages of lactation. 

EXPERIMENTAL PROCEDURE 


In an experiment designed to evaluate the use of all colostrum produced 
in the raising of dairy cows, the calves were not allowed to nurse following 
birth. Thus samples for carotene, vitamin A, and riboflavin estimation 
which were truly representative of each milking were obtained. Oxytocin 
injections, as used by the Wisconsin workers (4), were not used to evacuate 
completely the mammary gland. The calves were left in the box-stalls with 
their dams for the first 3 days, but tied so they could not nurse. This pro- 
cedure has been found by the Wisconsin group to be essential for a normal 
‘*let-down’’ cf milk for the first few milkings following parturition. 

The cows were milked twice daily and the complete milkings were 
weighed and sampled for assay. Data for the first ten milkings and the 
twentieth milking are reported in this paper. The assay samples were 
placed in brown glass bottles and refrigerated until analyzed, which usually 
was within 12 hours from the time of milking. 

The cows used for this study were not selected, but the analyses were 
made on the colostrum and milk of all the cows and heifers of the Ohio State 
University herd which freshened during the 1946 pasture feeding period. 

Vitamin A and total carotenoid pigments were determined by the method 
of Boyer et al. (1) and riboflavin by the method of Hand (3). Quantitative 
modifications were made in both procedures to adjust for the high potency 
of the colostrum. 

RESULTS AND DISCUSSION 


The data for carotene, vitamin A, and riboflavin content of colostrum 
and milk are summarized in tables 1, 2, and 3, respectively. The average 
output of these constituents in the colostrum and milk of these cows was 
calculated and is presented in table 4. In calculating the output of vitamin- 
A activity in terms of International Units, ‘1 mg. of vitamin A was con- 
sidered equivalent to 4,000 I.U. 

The data for individual cows show considerable variation for all the 
constituents studied, the greatest variation occurring in the first miiking. 
For example, the riboflavin content varied between 2.7 and 11.5 mg. per 1., 
carotene between 0.77 and 11.81 mg. per 1., and vitamin A between 0.85 and 
11.25 mg. per 1. for the first milking. 

Much of this variation cannot be accounted for at present. Although 
the cows were on pasture and were fed and managed similarly during the 
time these data were obtained, not all freshened at the same time, and per- 
haps some of the difference between individuals was due to cumulative effects. 
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of continued pasture feeding. The length of the dry period also varied 
among the individual cows. Further data are being obtained for a statis- 
tical study of the effects of the length of the dry period on colostrum com- 
position. The potency and total output of vitamin A in International Units 
were no higher in these cows than that previously reported from this 
laboratory (13) for cows that freshened in the winter months. 

The decline in potency with successive milkings during the early stages 
of lactation is striking. A few of the cows were milked out incompletely 
at the first milking due to severe udder congestion or for other reasons. In 
each of these cases the second milking was higher in carotene and vitamin A 
content. This observation is in agreement with the work of Hansen e al. 
(4). The potency for riboflavin did not follow the carotene and vitamin A 
in these cases that were incompletely milked at the first milking. In no in- 
stance was riboflavin more concentrated in the colostrum of the second 
milking. 

When cows are completely milked out at the first milking following par- 
turition, the quantity of colostrum obtained at the second milking 12 hours 
later is significantly less (table 4). This fact, coupled with the reduction in 
potency, accounts for a drastic decrease in total output of the constituents 

-studied. 

In substantiation of the work of Theophilus and Stamberg (14), a breed 
difference in riboflavin potency of colostrum and milk is evident. The 
average riboflavin potency of the first milking found in this study is almost 
identical with that reported by Pearson and Darnell (8).. The carotene data 
also support the observation that Guernsey colostrum has a higher con- 
centration of this constituent than that from other breeds studied (9). 

The high potency of colostrum in vitamin-A activity and riboflavin, both 
important dietary essentials for the newborn calf, emphasizes the practical 
importance of using all the colostrum produced in the raising of herd 
replacements. 

SUMMARY 


The potency and output cf carotene, vitamin A, and riboflavin in the 
colostrum and milk of 35 pasture-fed cows representing five dairy cattle 
breeds were determined for the first ten milkings and the twentieth milking. 
Cows of all ages were included. 

The data obtained show a rapid decline in the concentration of these con- 
stituents with successive milkings. A level closely approaching that of 
normal milk is reached by the end of the third day following parturition 
(sixth milking). 

These data show first — colostrum to be approximately ten times 
as potent in carotene, six times as potent in vitamin A, and 3.3 times as 
potent in riboflavin as normal milk obtained at the twentieth milking. 

The practical importance of using all the colostrum seeaie in the 
raising of calves is pointed out. 
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THE INFLUENCE OF MANAGEMENT, BREED, AND SEASON 
UPON THE pH OF BULL SEMEN’ 


GREG RAPS anv C. Y. CANNON 
Iowa State College, Ames 


The fact that spermatozoan viability is limited to a narrow pH range has 
emphasized the need for the consideration of hydrogen-ion concentration in 
semen studies. However, little investigation has been conducted to deter- 
mine the relationship of pH to other pertinent data on semen characteristics. 

Webster (10) first reported that the hydrogen-ion concentration of bull 
semen varied from pH 7.0 to 7.5. Milovanov’s early observations, quoted by 
Anderson (1, p. 4), showed bull semen to be slightly acid, with the pH 
usually ranging from 6.5 to 6.8, but in one case as low as 5.5. He further 
stated that the presence of abnormal amounts of accessory gland secretion 
may be responsible for an alkaline reaction (pH 7.0 to 7.5). Davis (2) 
found that collection techniques modified the hydrogen-ion concentration of 
resultant samples to a marked degree. Rectal massage of the ampulla and 
the accessory organs yielded semen of pH 7.5 to 8.0, while the use of the 
artificial vagina produced semen whose pH usually was below 7.0. 

Sergin (8) reported an average pH of 6.74 when using a quinhydrone 
electrode for the determination. Anderson (1, p. 4), from a study of 11 
fertile bulls, reported the mean pH of semen to be 6.73 + 0.02. He further 
observed that, in conditions involving pathology of the genitalia, the re- 
action was characteristically alkaline. This observation was constant in 
hypogonadism and in epididymitis. Where consecutive samples had been 
studied, he stated that the second ejaculate was more acid and was of better 
quality than the first. However, on 571 samples from 11 bulls studied by 
Davis and Williams (3), the mean pH of the first ejaculate was 6.85 and 
that of the second ejaculate 7.23. : 

Schneerson (7) showed that sperm concentrations up to 1.8 billion per 
milliliter existed in ejaculates having a pH of 5.8 to 6.0, while samples 
at pH 7.0 contained an average of only 0.6 billion per milliliter. Anderson 
(1, p. 4) reported a similar observation. 

The relationship between a long survival time and a more acid pH has 
been described by Schneerson (7). Dougherty and Ewalt (4) have shown 
a correlation between pH change during storage and viability of the sper- 
matozoa. 
EXPERIMENTAL PROCEDURE 

Observations were made on a series of semen samples collected at bi- 
monthly intervals during the early part of the study and at alternate 
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monthly intervals for the latter part. A total of 371 ejaculates from 66 
bulls housed at five different studs was examined from August, 1945, through 
June, 1946, a period which included the heaviest breeding season. 

These observations presented an opportunity to investigate additional 
relationships between semen pH and such factors as seasonal and other 
environmental conditions. Anderson (1, p. 137) had shown such conditions 
to have definite effects upon other semen characteristics and upon the re- 
sultant conception rate. 

The accumulated data were examined by an analysis of variance with the 
view to answering such questions as: (a) Are environmental conditions re- 
flected in pH of semen? (b) Are within-bull and within-breed differences 
evident in pH of semen? (c) Are seasonal changes noticeable in pH of 
semen? (d) Are there significant changes in the pH between first and 
second ejaculates? 

RESULTS 


Table 1 shows the mean pH readings of the semen used in this study. 
Since there were striking extremes in both care and management of the dif- 
ferent bull studs, a question immediately raised was whether such practices 
might be manifest by their effect upon the pH of the semen. The significant 
variations (P = 0.01) of pH readings between studs (table 2, no. 1) indi- 
cated a positive relationship between the semen pH level and the individual 
studs. 


TABLE 1 
Mean pH readings of 1st and 2nd ejaculations by breed and place 
Stud no. Swiss (ia baile) (at bulls) Shorthorn 

(10 bulls) (14 bulls) 
1 1st 6.61 6.87 6.65 Gir . 6.73 
2nd 7.56 7.39 - 6.68 6.95 7.15 
2 1st 6.54 6.63 6.38 6.57 6.53 
2nd 6.68 6.71 6.47 6.61 6.62 
3 1st 6.55 6.67 6.61 
2nd 6.61 6.64 6.71 pes 6.65 
+ 7.14 7.04 7.49 7.22 
— 7.05 6.94 7.15 7.05 
5 1st 6.67 6.62 6.60 6.88 6.69 
2nd 6.82 6.74 6.69 7.04 - 6.82 
Av. lst 6.59 6.79 6.66 6.93 6.76 
2nd 6.92 6.91 6.70 6.94 6.86 


A highly significant relationship (table 2, no. 3) existed between the 
individual studs and the pH of the first and second ejaculates from their 
bulls. This was seen as a greater shift in pH from the first to the second 
ejaculations within one stud as compared to a relatively small change be- 
tween the pH of the two ejaculates at another stud. 

A positive correlation (P <= 0.05) was found to’ exist within breeds of the 
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four dairy breeds investigated (table 2, no. 4). The application of such 
a relationship might well be considered in the preparation of semen sub- 
strates. Phillips et al. (6) have shown significant relationships of other 
semen characteristics to breed. 


TABLE 2 
Results from an analysis of variance made on 371 semen samples 
— Degrees of Sums of Mean 
Source of variation freedom squares squares 
1. Places 4 9.8117 2.452* 
2. Order of ejaculation 1 0.2675 0.265 
3. Order x place 4 1.0158 0.254* 
4. Breeds within place 14 3.1086 0.222t 
5. Order X bulls within place 14 0.7045 0.050 
6. Bulls within breed and place ....cccccccmnnsene 40 4.4964 0.112 
7. Order x bulls within breed and place ......... 40 2.6372 0.066 
8. Days within bulls 71 5.1127 0.072 
9. Order x days within bulls 2000s 71 3.1830 0.045 


Signifies P 20.05. 

The tendency of individual animals to maintain a significant level 
(P = 0.05) in their semen pH also was noted (table 2, no. 6). Repeated 
samplings from 21 bulls (six to twelve ejaculations per bull) were used for 
this determination. 

Finally, the effect of seasons upon pH (table 2, no. 8) was significant at 
the 5 per cent level and verified the findings of Swanson and Herman (9). 


DISCUSSION 


Possibly of greatest interest from a practical viewpoint was the rela- 
tionship which appeared between the semen pH from a stud and the per- 
formance of that stud. Stud no. 4, with the bulls having the highest mean 
pH (7.13), has been disbanded because of its inability to maintain a normal 
conception rate. Stud no. 1, with the next highest mean pH (6.93), has 
been reorganized completely. Stud no. 2, showing the lowest mean pH 
(6.57), is the only one of the five which has remained relatively unchanged. 

One immediately would suspect a possible effect of feeding and manage- 
ment practices upon semen pH. Practices in stud no. 4 (table 1) were the 
antithesis of most good husbandry methods. The bulls were cared for 
poorly, were kept in an ill-ventilated barn, and never were exercised except 
when removed from the tie stalls for semen collections. The feet of the bulls 
were in extremely bad shape, with overgrown claws resulting in permanent 
disability of several of the animals. The feed was of a low protein content. 
Timothy hay and Reed canary grass hay were the only roughages fed. The 
concentrate mixture was fed irregularly, with interruptions ranging from 1 
to 6 weeks in length. 

In contrast was the stud having the lowest mean pH. The barn was 
clean, dry, and free from strong urine odors. The bulls were exercised . 
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regularly and groomed daily. The feet were kept properly trimmed. Feed- 
ing practices were in accord with those widely advocated, and A and D 
vitamin supplements were included in the ration. 

Of further interest was the apparent relationship of mean pH to breed 
of bull, for the pH readings of the semen from Holstein and Brown Swiss 
bulls were relatively lower than those of the other breeds studied. How- 
ever, as one considers other variations that have been noted between breeds 
(such as differing conception rates, lengths of active service and libido), the 
feasibility of this relationship can be recognized more easily. The rela- 
tionship needs further study, since its application to diluent preparations 
of standardized pH may be of importance. One might speculate that, with 
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Fie. 1. Seasonal trend in pH based on differences between samples from same 
bulls. 


advancing knowledge of semen substrates, will come the preparation of 
diluents with pH standardized to individual breeds, possibly enhancing 
semen longevity and conception rate. 

_ Anderson (1, p. 137) previously reported the significant differences of 
pH between individual bulls. The work reported here substantiated his 
findings. Phillips et al. (6) have shown significant correlations of several 
other semen measures to breed. 

Anderson (1, p. 137) further observed highly significant monthly differ- 
ences in semen pH which he attributed to a basic seasonal rhythm in the bull 


associated with climatic factors. 
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The monthly fluctuations in the average pH of semen obtained from the 
same bulls are shown in figure 1. These fluctuations are notably wide, with 
February showing the highest pH readings and May the lowest. 

Swanson and Herman (9) have interpreted the significant monthly vari- 
ations to be due largely to the adverse effects of winter weather upon the 
physical well-being and sexual activity of the bull. One might speculate 
upon what other factors of seasonal variation could influence the pH. Rela- 
tive humidity, temperature, and changing periods of daylight are definite 
variations accompanying seasonal cycles. Mercier and Salisbury (5) have 
reported a significant relationship between light variation and conception 
rate in artificial breeding. 

Seasonal fluctuations in the nutritional level have been held to a mini- 
mum as the bulls were not pastured and were fed only the cured roughages. 
Thus the only change in the feed would be the storage loss of nutrients and 
vitamin content during the winter and spring periods. 


SUMMARY 


A study of the pH of 371 semen samples from 66 bulls in five studs was 
made over a period of 11 months. A highly significant correlation was 
found between the pH levels and the individual studs. It would appear 
that the conditions at the stud exerted a marked effect upon the pH level 
of semen produced. From one stud to another, the pH levels between the 
first ejaculations and the second were markedly different, further indicating 
the effect of individual stud management upon semen production. 

A positive correlation was observed between the pH readings taken from 
the semen of the individual bulls within the different breeds. The semen of 
individual bulls, irrespective of breed, tended to maintain a constant pH 
level. 

A definite seasonal fluctuation could be recognized as there were marked 
variations throughout the 11 months of study. 


The authors wish to express their appreciation to Dr. G. E. Dickerson, 
formerly Geneticist with the Regional Swine Breeding Laboratory, Ames, 
Iowa, now associate professor of animal husbandry, Columbia, Mo., for his 
assistance in setting up the statistical analyses. 
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SOME UNIQUE PROPERTIES OF LACTOSE AS A 
DIETARY CARBOHYDRATE 


LLOYD K. RIGGS anp ANNABEL BEATY 
Kraft Foods Company, Chicago, Illinois 


A certain inadequacy of lactose as the sole carbohydrate in the diet of 
rats has been reported by Ershoff and Deuel (7), who also refer to previous 
reports on this subject. On the other hand, the complete adequacy of lac- 
tose as the only carbohydrate in the diet of rats is demonstrated by their 
growth and survival on a diet of whole milk supplemented by iron, copper, 
and manganese to prevent the development of dietary anemia. _ 

The adequacy or inadequacy of lactose as a carbohydrate evidently de- 
pends upon the amount of lactose ingested or upon the proportion of the 
total calories of the diet supplied by lactose. The violent reactions of rats 
to diets containing large amounts of lactose indicate a very great deviation 
in physiological action of lactose from that of the other usual food carbo- 
hydrates. 

The laxative action of considerable amounts of lactose in the diets of 
both mammals and birds is well known. When Ershoff and Deuel (7) fed 
a fat-free diet containing 73.2 per cent lactose, the animals exhibited a 
typical severe diarrhea and failed to survive. Mitchell (10) observed the 
more or less constant occurrence of diarrhea among rats fed on a moderately 
high (18 per cent) fat diet containing 60 per cent lactose. On this diet, the 
feces of the rats contained approximately 17 per cent of reducing sugar. 
The occurrence of diarrhea thus apparently is related to the inability of 
the rats to utilize completely such a large proportion (50.6 per cent) of total 
calories of the diet as lactose. 

A so-called ‘‘flush’’ or diarrhea commonly is produced in young chickens 
by the feeding of a special mash containing 25 per cent of dried cheese whey. 
Ashcraft (1) reported that chickens fed on a ration containing 28 per cent 
dried cheese whey showed a persistent diarrhea and loss of weight. Beach 
(3) and Beach and Davis (4) noted that the droppings from chicks fed 
on a ration containing 20 per cent lactose were of a watery consistency. 

Farmers know that the feeding of large amounts of skim milk or whey 
to pigs produces a flushing, scouring, or purgative action. Spindler et al. 
(14) call attention to the purgative action of large amounts of skim milk in 
the diet of pigs. 

Apparently low concentrations of lactose in the diet of rats cause no 
obvious symptoms, and the sugar apparently behaves like other food carbo- 
hydrates. On the other hand, at high concentrations the action of lactose is 
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strikingly different from that of other food carbohydrates. An intermediate 
range of lactose in-the diet may be presumed to exist between these two ex- 
tremes. Within this intermediate range, either mild or transitory symptoms 
should be observed. 

From the above considerations, it appeared that a study of the influence 
of lactose in varying daily amounts might well be undertaken as a back- 
ground for a critical evaluation of existing literature and for the further 
evaluation of lactose in the diet. 


EXPERIMENTAL PROCEDURE 


Young rats of the Sprague-Dawley strain weighing 50 to 60 g. were 
used. The animals were housed in individual cages and unless otherwise 
specified the diets were fed ad libitum over a 12-week period. Feed con- 
sumption records were kept and a small amount of water was mixed with 
the diets to prevent scattering. Food refusals were weighed back at the 
end of each week so that the results could be studied by weekly intervals. 
The animals were weighed three times each week and observed for symptoms. 

A basal diet consisting of 20 per cent vitamin-free casein, 7 per cent salt 
mixture (USP XII, salt mix no. 2), 3 per cent butter oil, 2 per cent cod liver 
oil (USP XII), 1 per cent liver powder concentrate, and 67 per cent corn 
starch was used. Each 100 g. of this diet was supplemented with the fol- 
lowing amounts of accessory factors: 10.0 mg. alpha-tocopherol, 2.0 mg. 2- 
methyl-naphthoquinone, 3.0 mg. calcium pantothenate, 30.0 mg. niacin, 0.6 
mg. riboflavin, 0.6 mg. pyridoxine, 0.6 mg. thiamine, 75.0 mg. choline chlo- 
ride, 75.0 mg. inositol, and 75.0 mg. para-amino benzoic acid. This diet 
is capable of supporting growth, gestation, and lactation in rats of the 
Sprague-Dawley strain, although its performance in these respects is not 
as good as the stock colony diet composed of natural foodstuffs. When 
lactose or mixtures of galactose and glucose were incorporated in this diet, 
they replaced an equivalent weight of starch. Each lot of diet was analyzed 
for reducing sugar by the Munson-Walker method (2). 

The diets fed in the earliest experiment, in which dried cheese whey was 
used as a source of lactose, contained a high percentage of minerals and the 
amount was not reduced in the subsequent experiments using US? lactose. 
Since these studies were completed, Daniel and Harvey (5) have reported 
that the soluble ash of whey retarded growth and produced diarrhea in rats 
when whey was used as an ingredient in an infant-feeding formula contain- 
ing approximately 50 per cent lactose. In order to determine whether the 
high mineral content of the basal diet could have influenced growth and 
diarrhea observed in the present work, six young male rats were placed on 
a 50 per cent lactose diet (7.0 per cent salt mixture) and six litter mates 
were fed the same diet containing 3.5 per cent salt mixture, the difference 
being made up by 3.5 per cent cornstarch. No difference in growth, food 
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utilization, or incidence of diarrhea was observed between the two groups 
over a 6-week period, so apparently the high mineral content of the basal 
diet has not influenced the results of this study. 


RESULTS 


Growth and food utilization. The observed growth on the basal diet and 
on the diet modified to contain 5, 10, 15, 20, 25, 30, 40, and 50 per cent of 
lactose is shown in table 1. Each group of eight rats consisted of four males 


TABLE 1 
Summarized growth and food utilization data from 12-week experiment 
Lactose Av. a | Av. feed Feed re- 
content of initial consump- quired for 
diet weight 8 8 tion 1-g. gain 
% (9-) (9-) (9-) (9-) (9-) 
Experiment I 

Basal 8 54 277 223 1072 4.81 

10 8 55 290 235 1109 4.72 

20 8 aa 271 214 1072 5.01 

30 8 57 275 218 1052 4.83 

40 8 56 254 198 1005 5.08 

50 8 58 235 Nyid 973 5.50 

Experiment IT 

Basal 8 51 279 228 1114 4.89 

5 8 51 282 231 1126 4.87 

10 8 51 293 242 1170 4.83 

15 8 49 282 233 1142 4.90 

20 8 49 280 231 1140 4.94 

25 8 50 272 222 1111 5.00 


and four females. These cumulative 12-week results indicate that up to and 
including 30 per cent of lactose, these diets produce approximately the same 
growth and food utilization as does the basal diet. At lactose levels of 40 
and 50 per cent, growth is less; at the 50 per cent level, food utilization is 
less efficient. 

Relation of appearance of diarrhea to lactose intake. Significant as the 
above cumulative results may be, the reactions and symptoms of the animals 
early in the experiment must be considered. When young rats were placed 
on diets containing the higher levels of lactose, feed intake was reduced and 
they suffered from diarrhea. Since the symptoms were most prevalent dur- 
ing the first 4 weeks of the experiment, the approximate lactose consumption 
per day per kilogram of body weight has been calculated for each of the 
first 4 weeks and is shown in table 2. The body weights used for these 
calculations were averages of the initial and final weight for each weekly 
interval, and the system of weighing back food refusals .at the end of each 
week gave the lactose consumption for the week. The appearance and 
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severity of diarrhea during each week also are shown. Diarrhea disap- 
peared after approximately 3 weeks in rats receiving diets containing 30 per 
cent lactose, but these animals were growing at a relatively rapid rate and 
weighed in the neighborhood of 170 g. at the end of 4 weeks. However, 
when the data are calculated to the basis of grams of lactose consumed per 
kilogram of body weight, the animals apparently were able to use larger 
amounts of lactose without having diarrhea after being on their respective 
lactose diets for a few days. 

During the first week there was some evidence of diarrhea on the 20 per 
cent lactose diet at a lactose intake of 22.2 g. per kg. of rat per day. On 
diets containing more lactose and where lactose intake was greater, the 
animals suffered from severe diarrhea during the first week. During the 
second week, diarrhea was not evident until the rats consumed 27.5 g. lactose 
per kg. body weight per day on the 25 per cent lactose diet. During the 
third week there was no severe diarrhea, and during the fourth week it was 
observed only in rats on the 40 and 50 per cent lactose diets. 


TABLE 2 


Approximate amount of lactose conswmed per day 
(Grams per kilogram body weight) 


a oe 1st week 2nd week 3rd week 4th week 

(%) (9-) (9.) (g-) (9-) 

5 6.1 6.1 5.3 4.3 
10 12.3 12.3 10.4 8.9 
15 18.0 18.7 15.6 14.4 
20 22.2* 24.4 21.0 19.8 
25 28.5t 27.8 25.2 
30§ 27.5t 28.2t 29.4* 25.6 
40§ 36.1t 36.4t 38.4t 36.0* 
50§ 42.7t 47.7t 44.9t 42.5* 


* Some evidence of diarrhea. 

t Severe diarrhea. 

¢t Moderate diarrhea. 

§ These results are from experiment I; all others are from experiment IT. 

In addition to the data shown in tables 1 and 2, the following additional 
observations should be pointed out. Rats on diets containing 30, 40, and 50 
per cent lactose developed a ‘‘pot-bellied’’ appearance, which persisted after 
the diarrhea cleared up but which disappeared before the end of the 12-week 
test period. Some of the animals on diets containing 40 and 50 per cent of 
lactose had rough coats during the first 3 or 4 weeks of the test. 

Adaptation to lactose. Since the capacity of the rats to utilize rations 
containing moderate amounts of lactose without having diarrhea apparently 
increased with length of time on the rations, this aspect was studied further. 
Forty-eight young male rats were divided into six groups of eight rats each. © 
Table 3 gives the feeding schedule for each group during the 6-week test 
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TABLE 3 
Feeding schedule of diets followed in studying adaptation to lactose 

G No. of 1st 2nd 3rd 4th 5th 6th 
seid rats week week week week week week 

1 8 10% 20% 30% 40% 50% 60% 
: lactose lactose lactose lactose lactose lactose 

lactose 
lactose 
4 8 66 66 Basal 
lactose 
lactose 

6 8 Basal 60% 

lactose 


period. The rats of group 1 were continued throughout the experiment, 
their lactose intake being stepped up each week through the feeding of diets 
containing a larger percentage of lactose. The rats in the other groups were 
discarded following the 1-week test period on a lactose diet. 

Beginning in the second week, all rats were weighed daily and feed 
intake regulated in such a way as to keep the rats on the basal diet growing 
at the same rate as the two groups on the lactose diet. An effort was made 
to keep the two groups on the lactose diet growing at the same rate. As the 
percentage of lactose increased, it became more difficult to keep the rats 
just placed on the diet growing as rapidly as those in group 1, where the 
lactose intake had been increased gradually. Clean papers were placed 
under the rats each day except Sundays, and these were observed the fol- 
lowing morning for evidence of diarrhea. 

Table 4 gives the average weights and feed consumption on each diet, 


TABLE 4 
Adaptation to lactose—summarized growth and food utilization data 
Weight Feed 
Lactose | Week | Group | Initial | atend — Feed | required 
of diet* | test no. weight of 7 consumed | for 1-g. 
days gain 
(%) (g-) (g.) (9.) (g.) (g-) 
20 2nd 1 61.4 87.5 26.1 50.7 1.94 
20 si 2 63.0 86.6 23.6 49.2 2.08 
30 3rd 1 87.5 115.0 27.5 66.1 2.40 
30 3 86.5 115.6 29.1 74.5 2.56 
40 4th 1 115.0 139.3 24.3 80.4 3.31 
40 - 4 116.1 136.9 20.8 80.6 3.88 
50 5th 1 139.3 156.9 17.6 74.9 4.26 
50 sg 5 142.1 151.5 9.4 72.2 7.68 
60 6th 1 156.9 159.1 2.2 64.7 29.41 
60 6 155.8 151.9 -3.9 


* Previous dietary history of each group is shown in table 3. 
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both for the rats of group 1, in which lactose intake had been increased 
gradually, and for those which were transferred from the basal diet to the 
lactose diet. Figure 1 shows the incidence of diarrhea in each group. 
Since there was no diarrhea at the 10 per cent level, and gain and food 
utilization were equal to the groups on basal diet, the results of the first week 
are not shown in the table or the figure. 


20% LACTOSE 30% LACTOSE 40% LACTOSE 50% LACTOSE 60% LACTOSE 
OlET DIET DIET DIET DIET 
2NO WEEK 3RD WEEK 4TH WEEK STH WEEK 6TH WEEK 
@RouP | GROUP | GRouP | GRouP 
pays pays DaYs pays pays 
“Wlisaser Whi saser Wiisease67 Wiis a567 
43 | 43 + 43 43|_ [+ 43 
25 + 25 +] 1 25 [+/+/+] 
19 19 1 19) 19 +/+ 19] | 
13 | 13 3} 13 
7? 7? | 7 7 7 
RAT] GROUP 2 RaT GROUP 3 RaT| GROUP 4 RAT| GROUP 5 RAT GROUP 6 
NO. NO. NO. NO. 
8 : 9 + +) lt] | te} | + 
26) [ti tititil| e7iiti+i+ 29] | 30] 1 | +/+ 


Fig. 1. Occurrence and degree of diarrhea. 
| — Some evidence of diarrhea, i.e., some unformed feces. 
-+- — Moderate diarrhea, i.e., considerable unformed feces. 
+. — Severe diarrhea, i.e., large amounts of watery feces. 


On the 20 per cent lactose diet, the difference in the incidence of diarrhea 
between the two groups was not great, and in no case was it severe. How- 
ever, diarrhea cleared up entirely after 4 days in the group which previously 
had been fed the 10 per cent lactose diet, and it continued beyond this 
period in four of the eight rats in the other group. The small difference 
in grams of food required for a gram gain between the two groups was not 
statistically significant when the data were treated by Student’s ‘‘t’’ test 
for paired differences (P > 0.2). The lactose intake for the rats previously 
on the 10 per cent lactose diet was 19.4 g. per kg. per day, whereas it was 
18.8 g. per kg. per day for the other group. Both of these figures for lactose 
intake fall between the values where diarrhea was absent and where it first 
oceurred during the first week, as shown in table 2. 

On the 30 per cent lactose diet diarrhea was much more prevalent and 
much more severe in the group transferred from the basal diet. The lactose 
intake was 28.5 g. per kg. per day in the group in which lactose intake had 
been increased gradually, and 31.4 g. per kg. per day in the group trans- 
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ferred from the basal diet. These values fall in the range that produces 
severe diarrhea during the first week, as shown in table 2. As a matter of 
fact, all figures for lactose intake higher than 30 per cent fall within the 
range that produces severe diarrhea during the first week on lactose diets. 
The difference in grams of feed required to produce a gram gain in weight 
between the two groups on 30 per cent lactose diet is not significant. (P 
> 0.4). The difference in occurrence and severity of diarrhea between the 
two groups on the diet containing 40 per cent lactose is very striking, but 
here again the difference between the grams of feed required to produce a 
gram gain in weight is not statistically significant (P > 0.1). 

Diarrhea was much more prevalent and more severe in the group trans- 
ferred from basal diet to the diet containing 50 per cent lactose than it was 
in the group in which lactose intake had been increased gradually. One 
rat which was transferred from the basal diet to the diet containing 50 per 
cent lactose gained nothing and another lost 1 g. over the 7-day period. 
All eight rats previously fed diets containing lactose gained during this 
period. 

Six of the eight rats just placed on the diet containing 60 per cent lactose 
lost weight, and three of the eight for which lactose intake had been increased 
also lost weight. Here again diarrhea was less severe in the rats which 
previously had been fed lactose. 

These results confirm the observation that the ability of the rat to 
utilize diets containing lactose without suffering from diarrhea increases 
with length of time on such diets. In the present experiment, such variables 
as age and weight of the animals being compared have been eliminated. 
However, these differences in the incidence and severity of diarrhea were 
not in every case associated with significant differences in utilization of the 
total diet as measured by grams of food required to produce a 1-g. gain, al- 
though all av2rage numerical values for food utilization favor rats previously 
on lactose diets. 

Certain individuai variations among the rats with regard to incidence 
and severity of diarrhea are apparent from figure 1 and cannot be explained 
on the basis of food intake for the period. Rat no. 37, of the group in 
which lactose intake gradually had been increased, ate 75 g. of 50 per cent 
lactose diet (37.5 g. lactose) during the week and exhibited diarrhea on 5 
of the 6 days on which observations were made. On the other hand, rat 
no. 7 of this same group never had diarrhea even though it ate 80 g. of diet 
(40 g. lactose) during the same period. 

Influence of lactose linkage on utilization. This experiment was carried 
out to determine if the lactose linkage was responsible for any of the physio- 
logical disturbances associated with lactose feeding. Each of the following 
diets was fed to a group of eight young male rats: (a) 15 per cent lactose, 
(b) 7.5 per cent galactose plus 7.5 per cert glucose, (ce) 30 per cent lactose, 
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(d) 15 per cent galactose plus 15 per cent glucose, (e) 50 per cent lactose, . 
and (f) 25 per cent galactose plus 25 per cent glucose. These levels of 
lactose and the corresponding levels of the mixture of equal parts galactose 
and glucose were chosen because when 15 per cent lactose was fed, no symp- 
toms were found to occur. With 30 per cent lactose, the symptoms were 
transitory, and with 50 per cent lactose, symptoms were persistent and more 


severe. 
The results of the 12-week growth test are shown in table 5. No symp- 


TABLE 5 
Summarized data comparing lactose with glucose and galactose mixture 
Av 
Av. Feed 
: No. of | . AY: weight Av. food | required | Symp- 
Diet initial at end total | 
rats | weight of 12 gain ti P gs 
weeks 
(9-) (9.) (9-) (9-) (9-) 
7.5% glucose + : 
7.5% galactose . 8 55 | 330 275 1197 4.35 None 
15% lactose ......... 8 53 332 279 1198 4.29 None 
15% glucose + 
15% galactose ... 8 52 313 261 1346 5.16 None 
30% lactose ....... 8 51 292 241 1032 4.28 
25% glucose + 
25% galactose ... 8 57 288 231 1305 5.65 None 
£0% lactose ......... 8 53 219 166 802 4.83 t 


* Severe diarrhea first and second week, some diarrhea third week, none thereafter. 
t Severe diarrhea first and second week, moderate diarrhea third and fourth week, 
some diarrhea fifth week. 


toms of intestinal disturbances occurred in the rats receiving the mixture 
of galactose and glucose at any of the three levels, whereas the rats receiv- 
ing lactose reacted in the usual manner previously described in this report. 
One rat on the diet containing 25 per cent galactose plus 25 per cent glucose 
developed a mature cataract by the end of the 12-week test. 

There was no difference in rate of growth, total gain, or food utilization 
between the rats on the 15 per cent lactose diet and those on the diet con- 
taining 7.5 per cent glucose plus 7.5 per cent galactose. The rats on the 
30 per cent lactose diet grew more slowly early in the test period and gained 
slightly less than those on the diet containing 15 per cent glucose plus 15 
per cent galactose. However, food utilization was more efficient on the 
30 per cent lactose diet than on the 15 per cent glucose plus 15 per cent 
galactose diet. Growth was considerably less on the 50 per cent lactose diet 
than on the 25 per cent glucose plus 25 per cent galactose diet, but food 
utilization was more efficient on the 50 per cent lactose diet. 

Growth curves drawn from the average weights of each group are shown 
in figure 2. These growth curves are included since the growth curves for 
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the lactose rats are typical for rats on these diets and they demonstrate the 
retarded rate of growth on diets containing large amounts of lactose during 
the early part of the test period. In the previous experiment an average 
gain of 10 g. per rat was obtained during the first week on the 50 per cent 
lactose diet, whereas in the present experiment there was an average loss 
of 1 g. 

These results indicate that the inability of the rat to hydrolyze large 
amounts of lactose is responsible for the diarrhea and related symptoms 
of distended abdomens and slower rate of growth associated with high levels 
of lactose in the diet. 
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Fie. 2. Growth curves of rats fed diets containing lactose and equivalent amounts 
of glucose and galactose. 

(1) — 7.5% glucose plus 7.5% galactose. 

(2) — 15% lactose. 

(3) — 15% glucose plus 15% galactose. 

(4) — 30% lactose. 

(5) — 25% glucose plus 25% galactose. 

(6) — 50% lactose. 


Lactose in natural milk products. Dried cheese whey was incorporated 
as a source of lactose in the basal diet, adjustments being made for the 
amount of protein and minerals present in the whey and covering the same 
range reported for USP lactose. Results with dried whey were comparable 
to those with lactose at each level both with regard to rate of growth, food 
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utilization, and typical symptoms on the moderate and high levels of lactose 
as shown in tables 1 and 2. 7 

When nonfat dry milk solids supplemented with a daily dose of 0.1 ml. 
USP cod-liver oil and iron, copper, and manganese were fed as the sole 
article of diet to young growing rats, their response followed the usual 
pattern obtained on high lactose diets. The particular lot of nonfat dry 
milk solids fed contained 54.6 per cent lactose. 

When dried whole milk containing 27.5 per cent fat and 37.5 per cent 
lactose was supplemented as for nonfat dry milk solids and fed as the sole 
article of diet, rate of growth was rapid and the animals had only a slight 
degree of diarrhea during the first 2 or 3 days on the diet. Lactose intake 
was approximately 34.3 g. per kg. per day during the first week of the test, 
and approximately 33.2 g. per kg. per day during the second week. On the 
low-fat diet, such a large intake of lactose would have produced severe 
symptoms during this period. It is unlikely that fat affects lactose hy- 
drolysis per se, but the effect of fat on lactose and its relation to diarrhea 
should be investigated further. 


DISCUSSION 


Mitchell (11) has reported that growth of rats was poor on diets con- 
taining 60 per cent or 45 per cent of lactose, but that it was practically 
normal on diets containing 30 per cent of lactose or less. She used a diet 
containing 18 per cent fat and lactose at levels of 5, 15, 30, 45, and 60 per 
cent. The authors have found that rats weigh as much at the end of 12 
weeks on a 30 per cent lactose diet as they do on the basal diet containing 
cornstarch, but they grow more slowly early in the test. Judging from re- 
sults on dried whole milk which contains 27.5 per cent fat, the higher per- 
centage of fat in Mitcheil’s diet may have resulted in either lower lactose 
intake or better utilization of the ingested lactose than was the case on the 
diet used in these experiments, which contained only 5 per cent fat. 

Results indicate that through continued daily intake, the rat can in- 
crease its capacity to utilize lactose without suffering from diarrhea. 
Nevertheless, there appears to be a limit to the amount of lactose the rat 
ean utilize efficiently as a source of carbohydrate; there appear to be 
individual as well as strain differences in this respect. In addition to con- 
tinued intestinal disturbances at the higher levels of lactose intake, de- 
velopment of cataract has been described by Mitchell and Dodge (12). 
Whittier et al. (15) have observed that rats have diarrhea on diets contain- 
ing 45 per cent or 63.5 per cent lactose and 7.5 per cent fat for a period of 
3 weeks, but that they then recover and make good gains. The present 
authors have found that diarrhea persists on diets containing 5. per cent fat 
and 40 per cent and 50 per cent lactose, although it was intermittent and 
less severe during the latter part of the 12-week test period. 
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Mitchell et al. (9) have pointed out the impairment in the digestion of, 
organic nutrients by lactose. Present results indicate that the lactose 
linkage is a primary factor in producing any ill effects from lactose feeding 
within the ranges reported herein and in the type of diet used. 

It has been shown by Schantz et al. (13), Geyer et al. (8), and Zialcita 
and Mitchell (16) that galactose is excreted in the urine of rats fed either 
galactose or lactose. This failure fully to utilize galactose at the higher 
levels probably accounts for the slower rate of growth and the larger amount 
of food required for a gram of gain in weight as the amount of galactose is 
increased from 7.5 to 25 per cent of the total ration. However, the pro- 
nounced difference in growth between a mixture of galactose and glucose 
and an equivalent amount of lactose at the 30 per cent and 50 per cent 
levels indicates that failure to hydrolyze the lactose linkage exerts a 
greater influence than the loss of galactose. 

Ershoff (6) fed mixtures of galactose and glucose or lactose to rats 
as the sole article of diet. On lactose the rats survived an average of 6.9 
days, whereas they survived an average of 31.2 days on a mixture of 50 
per cent glucose and 50 per cent galactose. He concluded that the rats were 
not able to hydrolyze lactose in adequate amounts. The authors’ results 
indicate that such is the case even when large amounts of lactose are ingested 
as part of a relatively adequate diet. 


CONCLUSIONS 


1. When purified low-fat diets containing 5, 10, and 15 per cent lactose 
were fed to young growing rats, growth and food utilization were normal 
and no symptoms attributable to lactose were observed. 

2. When the diet contained 20, 25, and 30 per cent lactose, transitory 
symptoms of lactose feeding (diarrhea and/or ‘‘pot bellies’’?) appeared. 
However, growth and food utilization were almost the same as on a basal 
ration containing no lactose. ' 

8. When the lactose content of the diet was increased to 40 and 50 per 
cent lactose, growth was less; at the 50 per cent level, food utilization was 
less efficient. Symptoms of lactose feeding were more severe and persistent. 

4. The capacity of the rat to utilize lactose without suffering from 
diarrhea can be increased through a continued daily intake of rations con- 
taining lactose. 

5. By feeding rations containing a mixture of equal parts of glucose 
and galactose at levels equivalent to 15, 30, and 50 per cent lactose, it was 
found that the lactose linkage was responsible for symptoms of lactose 
feeding observed on rations containing higher percentages of lactose. 

6. At the 30 per cent level, growth was slightly less, and at the 50 per 
cent level, growth was considerably less on lactose than on the mixture of 
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equal parts of glucose and galactose. However, at both levels, food utiliza- 
tion was much more efficient on the lactose diets. 

7. In planning nutrition studies wherein lactose is a component of the 
ration, account must be taken of the limits within which the rat can utilize r 
this sugar adequately as well as the other ingredients of the diet which may 
influence lactose intake and utilization. 
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A COMPARISON OF TOTAL MILK AND FAT PRODUCTION AND 
PER CENT FAT OF A 26—- AND 24-HOUR TEST DAY*?** 


T. H. BLOSSER anp VEARL R. SMITH 
Department of Dairy Husbandry, University of Wisconsin, Madison 


All dairymen know that cows produce more milk after a long than a 
short interval. In the standard-type Dairy Herd Improvement Association, 
a night milking of one day and the morning milking of the successive day 
are weighed and tested for fat once a month. The lactation production of 
a cow is computed from these monthly milk weights and fat tests. If the 
milking schedule is altered, intentionally or unintentionally, at the morning 
milking preceding the first weighing and sampling or the final milking of the 
test period, or both, the milk and fat production will be affected. 

A questionnaire prepared by the authors was sent to D.H.I.A. super- 
visors in Wisconsin. Twenty-nine questionnaires were answered. Nine of 
the supervisors indicated that from 5 to 30 per cent of their members altered 
the milking schedile in anticipation of the arrival of the supervisor, so that 
the test day was lengthened from 0.5 to 2 hours. Consequently, experiments 
were designed to determine the difference in milk and fat production of cows 
milked at two 13-hour and two 12-hour intervals to provide a 26- and a 24- 
hour test day. 

EXPERIMENTAL PROCEDURE 


Experiment I. Four Holstein-Friesian cows were selected for the study 
to form two pairs with comparable levels of production. The experiment 
consisted of a one-day preliminary period and 4 test days, with a transition 
period of one day between test days. One-half of the udder was milked 
at 13-hour intervals and the other half at 12-hour intervals on each day. 
The halves of the udder were alternated between the two milking intervals 
from one test day to the next in order to form an experiment of double 
switchback design. In this experiment one-half of the udder served as a 
control for the other half. Ludwick et al. (2) used a similar design in com- 
paring production of 2- and 3-times-a-day milking. Table 1 illustrates the 
milking schedule. Ten I.U.’s of oxytocin were injected intravenously im- 
mediately before each milking to insure a complete ‘‘let-down’’ of milk at 

Received for publication August 25, 1947. ia 

1 These data were taken from a thesis presented to the Graduate School of the Uni- 
versity of Wisconsin by T. H. Blosser in partial fulfillment of the requirements for the 
degree of Master of Science. 

2 The especially designed milking machine used in these studies was made available 
through the courtesy of the Ben H. Anderson Mfg. Co., Madison, Wis. 

3 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. 
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each milking. A milking machine designed to milk each quarter into a 
separate container was used. 

Experiment II. Two groups of cows representing four breeds, with 11 
cows in each group, were used in this experiment. The cows is these groups 
were paired with regard to level of production, breed, and stage of lactation. 
Experiment II differed from experiment I in that one group of cows served 
as controls for the other group, and the entire udder was milked at each 
milking. The experiments were alike in that a double switchback design 
was used in both. The milking schedule for experiment II may be had by 
substituting group 1 for ‘‘left half of udder’’ and group 2 for ‘‘right half 
of udder’’ in the respective columns of table 1. 


TABLE 1 
Milking schedule for experiment I 
Left half of udder Right half of udder 
Time of wor sate Length of | No. of Time of hoheneen Length of | No. of 
milking | jnilkin gs test day |testday| milking | ga, test day | test day 
(hr.) (hr.) (hr.) (hr.) 
a.m. 5: 30 a.m. 5: 30 
p-m. 5: 30 p.m. 5: 30 
a.m. 5: 30 a.m. 4: 30 
12 ) 13 
p-m. 5: 30 p-m. 5: 30 
12 ) 13 
a.m. 5: 30 24 I a.m. 6: 30 26 I 
p-m. 5: 30 p-m. 5: 30 
a.m. 4: 30 a.m. 5: 30 
13 ) 12 
p-m. 5: 30 p-m. 5: 30 
) 13 ) 12 
a.m. 6: 30 26 II |a.m. 5: 30 24 II 
p-m. 5: 30 p.m. 5: 30 
a.m. 5: 30 a.m. 4: 30 
) 12 ) 13 
p-m. 5: 30 p-m. 5: 30 
) 12 ) 13 
a.m. 5: 30 24 IIT |a.m.6: 30 26 IIT 
p-m. 5: 30 p-m. 5: 30 
a.m. 4: 30 a.m. 5: 30 
33 ) 12 
p-m. 5: 30 p-m. 5: 30 
) 13 ) 12 
a.m. 6: 30 26 IV |a.m. 5: 30 24 IV 


In both experiments, the night milking of one day and the morning milk- 
ing of the consecutive day constituted a test day. The milk produced at 
each milking was weighed and a sample was taken for fat analysis. Fat 
analyses were made on each milking by the Babcock method. The data 
of these experiments were statistically analyzed by the method developed by 
Brandt (1) for reversal or switchback trials. 
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TABLE 3 
Average test-day production of milk, fat, and per cent fat of one-half of the udder for 
all experimental periods of experiment I 


Milk Fat Fat 

(Ib.) (Ib.) (%) 

26-hr. test ay 27.2 0.98 3.59 

24-hr. test GAY 25.3 0.97 3.83 

1.9 0.01 — 0.24 

7.50 1.03 — 6.26 
RESULTS 


The results of Experiment I are presented in table 2 and summarized in 
table 3. With but four exceptions in 32 comparisons, the half of the udder 
milked at 13-hour intervals to provide 26-hour test days produced more than 
the same half of the udder milked at 12-hour intervals for 24-hour test days. 
It is noted in table 3 that 7.5 per cent more milk was produced in a 26- than 
in a 24-hour test day. On statistical analysis this increase in milk pro- 
duction proved to be highly significant. s 

There was no consistent trend in total fat production. Greater fat pro- 
duction resulted in 16 out of 32 comparisons for the 26-hour test days, 14 
out of 32 for the 24-hour test days, and in two comparisons the production 
was equal. Differences in fat production for the 26- and 24-hour test days 
were not statistically significant. 

The results of Experiment II are presented in table 4 and summarized in 
table 5. Milk production was greater for the 26-hour test days in 79 of the 
88 comparisons. Statistical analysis showed this increase in production, 
8.5 per cent, to be highly significant. 

The per cent fat was higher for the 24-hour test days in 63 of 88 com- 
parisons. The difference was found to be statistically significant. 

Total fat production was quite variable. More fat was produced in the 
26-hour test days in only 48 of the 88 comparisons. The differences in fat 
production was not statistically significant. 


DISCUSSION 


Both experiments of this study used a double switchbaeck design. How- 
ever, in the first experiment one-half of the udder was used as a control for 


TABLE 5 


Average test-day production of milk, fat, and per cent fat of all cows for all experimental 
periods of experiment II 


Milk Fat Fat 

(1b.) (lb.) (%) 
tent Gay 30.5 1.28 4.20 
24-hr. test day 28.1 1.25 4.44 
Difference ........... 2.4 0.03 - 0.24 
8.47 2.40 - 5.40 
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the other half, thus providing a within-a-cow control. In the second experi- 
ment one group of cows acted as controls for the other. The results obtained 
by these two methods of experimentation checked one another closely. 


SUMMARY AND CONCLUSIONS 


1. Differences in total milk production for a 26- and 24-hour test day 
are statistically significant, with a higher production of milk for the 26-hour 
test day. 

2. Differences in per cent fat for a 26- and 24-hour test day are statis- 
tically significant, with a lower per cent of fat for the 26-hour test day. 

3. Differences in total fat production for a 26- and 24-hour test day are 
not statistically significant. 

4. Dairymen enrolled in D.H.I.A. who anticipate a test day and alter 
their milking time in order to obtain longer intervals between milkings prob- 
ably will increase total milk production, decrease the per cent of fat of the 
milk, and not appreciably influence total fat production. 


The authors wish to express their thanks to Dr. J. E. Torrie and Mrs. 
Dorothy Brill for the statistical analyses of these data. 
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REPEATABILITY OF HEAT TOLERANCE OBSERVATIONS 


D. M. SEATH anp G. D. MILLER1 
Dairy Research Department, Louisiana Agricultural Experiment Station, Baton Rouge 


Interest in repeatability of observational data as it relates to heat toler- 
ance in dairy cattle is primarily two-fold. Data on repeatability furnish 
information as to which observations are the most reliable and furnish a 
method of determining the number of observations necessary to arrive at 
a reasonably accurate estimate of the relative ability of animals to with- 
stand heat. Also, as explained by Lush (1), a high percentage of the re- 
peatability between observations of the same animal is due to inheritance. 
Because of this relationship, an estimate of heritability often can be made 
by taking approximately two-thirds to four-fifths of the repeatability figure 
as that for heritability. Exceptions to this rule occur, however. 

In previous studies at this Station, the authors (2, 3, 4,5) have reported 
observations on cows made immediately after entering the milking barns, at 
3:30 p.m. An analysis of the data thus secured permitted estimates to be 
made of heritability and repeatability of body temperature and respiration 
rates as characteristics for appraising the heat tolerance of Jersey and Hol- 
stein milking cows. The body temperature estimates for 1944 and 1945, 
based on data gathered on 8 warm days for each year, were 0.152 and 0.385 
for repeatability and 0.151 and 0.309 for heritability, respectively.2 Thus, 
the heritable portion of the variance was only slightly less than that found 
for repeatability between records of the same cow after removing differences 
between herds and breeds. Respiration rates analyzed on this same basis 
gave repeatability figures of 0.42 and 0.48 for the 2 years and estimates of 
heritability of 0.76 and 0.84. In this case the estimates of heritability ex- 
ceeded those for repeatability. This was explained as sampling error and 
was well within the normal fiducial limits at the 5 per cent level of prob- 
ability. 

The present study was undertaken primarily in order to determine 
whether heat tolerance observations as determined after cows enter the milk- 
ing barn were comparable to and as repeatable as observations taken on the 

Received for publication August 25, 1947. 

1 Dairy husbandman and assistant in dairy husbandry, respectively. Acknowledg- 
ment is made to Cecil Branton, assistant dairy husbandman, for suggested changes made 
in the final manuscript. 

2The computations (8) of repeatability of single records of the same cow and 
heritability of single records of cows involved the segregation of specific sources of 
variance and use of the principles involved in intra-class correlations. The first is a 
measure of how well records of the same cow repeat themselves on various test periods 


and the second is a measure of what portion of the variance between single records of 
different cows is hereditary. 
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same cows while they were in the shade in the pasture and just prior to going 

to the milking barn. A second portion of the study was concerned with 

determining how many observations were necessary in order to attain a high 

degree of accuracy in selecting cattle for a high tolerance to heat. 
EXPERIMENTAL PROCEDURE 

Twenty milking Holstein cows that also were utilized in a pasture graz- 
ing experiment (7) were used in this experiment. At 2:45 p.m. and just 
prior to going into the milking barn (at 3:30 p.m.), while cows were still in 
the shade, respiration counts from flank movements of each cow were made 
by two different workers. Whenever these counts differed by more than 2 
for 0.5-minute periods, a third count was made. Approximately 5 to 10 
minutes after the cows had entered the milking barn respiration rates again 
were determined by using the same procedure as was used while cows were 
in the pasture. Body temperatures of the cows were secured by inserting 
veterinary thermometers approximately 2.5 inches into the rectum. It re- 
quired about 30 minutes to complete observations in pasture and 40 minutes 
for those in the barn. Variation in the order of observing cows was made 
from day to day in order to equalize any influence causing changes from hour 
to hour. 

Data from observations made during 14 days were secured in the sum- 
mer of 1946 on selected days between July 17 and September 6. In general, 
only the clear warm days were used. Air temperatures at 2:45 p.m. for 
these days varied from 78 to 92° F. and averaged 88° F. Relative humidity 
varied from 44 to 82 per cent and averaged 60 per cent. 


RESULTS 


Respiration—mean values and ratings. Mean respiration rates (table 1) 
for the 14-day period that cows were under observation averaged 78.5 at 
2:45 while cows were in shade within pasture and 80.4 after cows entered 
the milking barn at 3:30 p.m. Observations made on 13 of the 20 cows 
averaged higher for observation within the barn. On the other hand, obser- 
vations made on the seven remaining cows averaged higher when made in the 
pasture. It would appear from these results that the walk from the pasture 
shade into the milking barn tended to accelerate the respiration rates of the 
majority of the cows. This occurred even though a period of approximately 
5 to 10 minutes was allowed between the time that cows entered milking barn 
and the time that the first observations were made. To complete all obser- 
vations required approximately 40 minutes ; thus the average time that a cow 
stayed in the barn prior to observation was around 25 minutes. The order 
of observing cows was changed from day to day, thus making it as nearly 
uniform as possible for all cows. 

Some small differences were noted among the relative ratings (table 1) 
based on pasture observations and those on barn observations. For example, 
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TABLE 1 


Comparative mean values and rank of respiration rates of 20 cows (taken in pasture and 
in barn during mid-afternoon) 


14-day mean respiration rates Relative rank 
At 2: 45 At 3: 30 
: 
in th In pasture In barn 
(per min.) (per min.) 
1 67.7 69.1 +1.4 17 17 
2 64.0 69.9 +5.9 19 16 
3 81.2 80.4 - 0:8 9 11 
4 86.7 94.4 + 7.7 3 (tie) 2 
5 83.1 79.9 -3.2 7 12 
11 65.5 65.9 +0.4 18 19 
12 77.5 82.4 +49 12 8 
13 93.2 86.7 - 6.5 2 5 
14 85.3 82.4 -2.9 6 9 
15 99.4 103.0 +3.6 i 1 
21 77.0 79.6 + 2.6 13 (tie) 13 
22 80.9 85.6 +4.7 10 6 
23 77.0 83.6 + 6.6 13 (tie) 7 
24 86.7 94.0 +7.3 3 (tie) 3 
25 54.6 63.2 + 8.6 20 20 
31 78.9 80.6 +1.7 11 10 
32 75.2 74.0 -1.2 15 15 
34 85.9 91.8 +5.9 5 4 
35 68.4 65.9 - 2.6 16 18 
36 82.0 76.1 -5.9 8 14 
Av. 78.5 80.4 +1.9 


the ten cows rating highest on pasture observations include three cows not 
among the top ten when rated on barn observations. Likewise, the high ten 
from the barn observations include two cows not found among the high ten 
based on pasture observations. In spite of these differences, the ratings are 
much alike, with the same cow rating top (1st) and the same one bottom 
(20th) in both ratings. 

Respiration—repeatability. An analysis of the respiration data for re- 
peatability (table 2) (8) results in estimates for the 14 days studied. Only 
small differences in repeatability between the two observation periods were 


TABLE 2 
An analysis of variance for respiration observations taken in pasture and in barn 


Mean squares Composition 
Source of variance a. of mean 
. Pasture data Barn data square 
Between COWS «ccc... 19 1562.74 1565.00 E+cC 
Within cows ............... 260 171.95 127.55 E 


c=number of observations per cow, or 14. 
C=variance due to cow= (H+cC) -E=99.34 (for pasture data), 102.68 (for barn 
data). 


Repeatability =a 0.366 (for pasture data), 0.446 (for barn data). 
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found. The pasture observation data indicated a repeatability of 0.366, 
while that from the barn was 0.446. The small difference found would tend 
to favor slightly observations made in the barn, as has been the routine pro- 
cedure in previously reported Louisiana experiments (2, 4, 5,6). The re- 
peatability figures found in this experiment are in line with those of 0.42 
and 0.48 reported (2) for studies made of data gathered during the 8 warmer 
observation days for 1944 and 1945, respectively. It seems probable that the 
results in the present experiment would have yielded higher estimates of 
repeatability had data for only the 8 warmer days been included. 

Body temperature—repeatability. It has not proved practical to take 
rectal body temperatures of cows while they are in the pasture. To do so 
would necessitate haltering and tying animals; this would excite cows, thus 
tending to accelerate body heat production and increase respiration rate and 
body temperature. 

Body temperatures of the 20 experimental cows taken after the cows 
entered the milking barn averaged 103.4° F. for the 14-day period. Average 
repeatability, when computed as in table 2, was 0.288. This was in line with 
the values of 0.152 and 0.385 previously reported (2) for 1944 and 1945, 
respectively, when only the 8 warmer days were used. 

Number of observations needed. As explained by Lush (1), increasing 
the number of observations or records on an animal causes a gradual re- 
duction in the temporary variance and an increase in the proportion of the 
total variance, much of which is genetic, caused by permanent differences 
between animals. Recognition of this fact has caused a great increase in the 
use of lifetime records in the evaluation of milk and fat records in pedigrees. 
This same trend holds true for other measurements and observations used 
in appraising animals. However, there is a limit to the number of obser- 
vations it is practical to use. This is particularly true if the repeatability 
(r) between single records is relatively high. With representing the num- 


nr 
ber of observations, the formula of i+ G@-lr as presented by Lush (1) is 


the fraction showing how much one can trust a cow’s own average as an index 
of her real ability. In this case it would mean the best estimate of her real 
ability to tolerate heat based on respiration rate and body temperature 
appraisals. 

In table 3 are shown various values of this fraction, which is labeled ‘‘ per- 
manent differences between cows,’’ as determined for various numbers of 
records varying from 1 to 10. In these computations the value of r was 
taken as averaging 0.4 for respiration and 0.25 for body temperature. 

As revealed in the table, there is a relatively large increase in the fraction 
representing permanent differences between cows when n, the number of 
observations, increased from 1 to 2, from 2 to 3, and from 4 to 5. For ex- 
ample, for respiration with » increasing from 1 to 2, the increase in per- 
manent differences is from 0.40 to 0.57, or a net gain of 0.17. These respec- 
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tive gains for each one-unit increase in 7 are 0.09, 0.07, 0.04, and 0.03 with a 
gain of 0.02 or less for each unit increase in n beyond values of 6. The same 
trend takes place for body temperature, with the fraction due to permanent 
differences increasing from 0.25, to 0.40, 0.50, 0.57, 0.62, and 0.67 for the re- 
spective values of n between 1 and 7. Each increment change beyond this 
point is 0.03 or less. 

It would appear from the size of these computed values that little gain in 
accuracy would result from taking more than six respiration or seven body 
temperature observations. Under such a program approximately 0.8 of the 
total variance found in respiration rates and 0.7 of that for body tempera- 
ture would be caused by permanent differences between cows. A high per- 


TABLE 3 


Relationship between number of observations and portion of variance due to permanent 
differences between cows 


For respiration For body temperature 
Portion of Portion of 

No. of variance due to Gain from variance due to Gain from 
records permanent dif- preceding permanent dif- preceding 

erences between value erences between value 

cows* cows* : 

2 0.57 0.17 0.40 0.15 

3 0.66 0.09 ; 0.50 0.10 

4 _ 0.73 0.07 0.57 0.07 

5 0.77 0.04 0.62 0.05 

6 0.80 0.03 0.67 0.05 

7 0.82 0.02 0.70 0.03 

8 0.84 0.02 0.73 0.03 

9 0.86 0.02 0.75 . 0.02 

10 0.87 0.01 0.77 0.02 


* 0.40 was used as average repeatability (r) for respiration and 0.25 for body tem- 
perature. Various values due to permanent differences between cows were computed for 


number of observations (”) from 1 to 10 using the fraction, is@eD proposed by 
Lush (1) as the degree to which one can trust a cow’s own record in selection. 

centage of these permanent differences would be caused by heritable factors, 
and any selection based on six or seven observations would be conducive to 
more accuracy and faster progress in developing cattle more highly tolerant 
to heat than where fewer than this number of observations are made. 


SUMMARY AND CONCLUSIONS 


Data gathered from observations made for 14 days on 20 milking Holstein 
cows were used in this study. Mean air temperatures at 2:45 p.m. during 
the experimental period averaged 88° F. and relative humidity 60 per cent. 
Respiration rates were determined on cows while they were in the shade 
within pasture and just prior to entering milking barn. Shortly after enter- 
ing milking barn both respiration rates and rectal body temperatures were 
determined. 
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Results of this study show the following : 

1. The 14-day mean respiration rates for cows while in pasture averaged 
78.5 times per minute and increased to an average of 80.4 times per minute 
for counts made in barn. Thirteen of the 20 cows had higher average rates 
after entering the barn, while seven had higher average rates while in 
pasture. 

2. Relative ranking of the ten highest cows on the basis of pasture obser- 
vations included seven also ranking highest when barn observations were 
used. The highest (1st) and lowest (20th) ranking cows were the same in 
both cases. 

3. Computation of the repeatability of a single respiration record of the 
same cow resulted in 0.366 for pasture observations and 0.446 for barn obser- 
vations. 

4. Repeatability for body temperature observations made in the barn was 
0.288. The mean body temperature for the 20 Holstein cows during the 
14-day period was 103.4° F. 

5. Computations are presented which show how the use of several obser- 
vations increases the variance due to permanent differences between cows, 
much of which is genetic. With six respiration records this portion of the 
variance increased from an average of 0.4 to 0.8, and with seven body tem- 
perature observations the increase was from the average of 0.25 to 0.7. 

It is coneluded that respiration observations taken in the barn are as 
reliable as and perhaps slightly more reliable than those taken in the pasture. 
The use of averages for observations plus those for body temperature made 
on approximately 6 or 7 relatively warm days should result in measure- 
ments that are relatively accurate for use in selecting cattle for a high degree 
of tolerance to heat. 
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A STUDY OF PROCEDURES USED IN CONDUCTING THE 
BABCOCK TEST IN THE VARIOUS STATES 


B. HEINEMANN,! E. O. HERREID,2 D. V. JOSEPHSON,4 C. W. ENGLAND,3 
AND W. D. SWOPE3 


This study was undertaken because it had been reported to the Committee 
on Testing Milk and Cream of the American Dairy Science Association that 
sampling and testing methods as expressed in the various state regulations 
were not uniform. This lack of unifofmity frequently has resulted in mis- 
understanding concerning the readings of the Babcock test in verifying the 
fat content of shipments of milk and cream from one state to another. At 
the annual meeting of the American Dairy Science Association in 1946, a 
Subcommittee was appointed to study this problem. The results are re- 
ported in this paper. 

PROCEDURE 


A form was prepared by members of the Subcommittee and the Com- 
mittee on Testing Milk and Cream. This form included each technic in 
sampling and testing which might have a bearing on the accuracy of the 
Babcock test. To vbtain the desired information, each state department of 
agriculture, board of health, or other responsible regulatory agency was 
requested to forward a copy of the laws and regulations pertaining to the 
sampling and testing of milk by the Babcock method or other approved 
methods. In some instances, where state laws were very incomplete, re- 
course was made to experiment station bulletins which were forwarded by 
the state regulatory ageney concerned. In these instances, it generally is 
the practice of the agency to follow the experiment station recommendations, 
which thus have the same effect as a state regulation. After the data were 
compiled, a copy was returned to the proper state agency for verification. 
The final revision is correct, as nearly as possible, as of June 15, 1947. 


SUMMARY OF REQUIREMENTS OF ALL STATES RELATING TO THE BABCOCK TESTING 
OF WHOLE MILK 


I. Procedure Specified by Law 


A. No specifications: Alabama (1) 
B. Specify Babcock test: (36) 
C. Specify Babcock or other method: Ark., Calif., Fla., Ill., Mass., Miss., 
N.J., N.Y., Okla., Utah, Va. (11) 
Received for publication September 2, 1947. 
1, 3 Chairman and members, respectively, of Subcommittee to Study Technics Used in 
Conducting the Babcock Test, Manufacturing Section, ADSA. 
2,4 Chairman and member, respectively, of Committee on Testing Milk and Cream, 
Manufacturing Section, ADSA. 
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II. Weighing and Sampling Milk at Receiving Room 


A. Weigh can requirements 


No specifications: (27) 

Mechanical stirrers: Calif., Maine (2) 

Strainer: Conn., Del., Ind., Ky., N.C., R.I., Texas, Vt. (8) 
No strainers, partitions or divisions: Md., N.J., Pa. (3) - 
Sufficient agitation: N.H., N.Y. (2) 

Check test to verify efficient mixing: Minn., Ohio (2) 
Either mechanical agitator or stir each can: Wash. (1) 
Straight sided: W.Va. (1) 

Must be approved: Mont., Oreg. (2) 


B. Mixing or stirring before sampling 


2. 


No specifications: (12) 

‘‘Thoroughly mixed’’: Ala., Ark., Colo., Ill., Maine, Md., Mass., 
Mich., Nebr., N.Y., N.C., Tenn., Wis. (13) 

Representative: Calif., Del., Kans., Mont., N.D. (5) 

Adequate: Conn. (1) 

Pour back and forth or stir: Iowa, Ky., Nev., Oreg. (4) 

‘Stir 30 sec.: Minn., Texas (2) 

Contents of weigh tank or container shall be agitated: N.J. (1) 

Butterfat to be uniformly distributed: La., Ohio (2) 

Stir thoroughly each container: Pa., Wash. (2) 

Vigorous stirring : S.C. (1) 


. Advisable to stir can: W.Va. (1) 


In such manner as to secure fair and average samples: Ariz. (1) 
Immediately after dumping: Mo. (1) 
Poured through strainer: Ind., Vt. (2) 


C-1. Frozen milk procedure 


1. 
2. 


3. 


4. 


No specifications: (25) 

‘*Shall not be sampled’’: Conn., Del., Ind., Ky., N.Y., N.C., 
R.I., Tenn., Wash. (9) 

Thawed slowly and thoroughly mixed: Colo., Ill., Maine, Md., 
Mass., Mich., Minn., N.H., N.J., Vt., Va., W.Va. (12) 

Should not be sampled unless special precautions are taken: 
Ohio, Pa. (2) 


C-2. Churned milk procedure 


1. 
2. 


3. 
4. 


No specifications : (24) 

‘*Shall not be sampled’’: Conn., Del., Ind., Ky., La., Maine, Md., 
Mass., Mich., Minn., N.H., N.J., N.Y., N.C., R.I., Tenn., 
Vt., Wash. (18) 

Warm gradually : Mo., Mont., Va., W.Va. (4) 

Should not be sampled unless special precautions are taken: 


Ohio, Pa. (2) 


|_| 
| 
2. 
| 4. 
5. 
6. 
8. 
9. 
10. 
| 
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13. 
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D. Sampler license required 
1. Required: Ark., Calif., Colo., Conn., Del., Il., Kans., La., Md., 


2. 


Mich., Minn., Mo., Mont., N.J., N.Mex., N.Y., N.C., Ohio, Pa., 
R.1., Texas, Vt., Va., Wash., W.Va. (25) 

Not required: Ala., Ariz., Fla., Ga., Idaho, Ind., Iowa, Ky., 
Maine, Mass., Miss., Nebr., Nev., N.H., N.D., Okla., Oreg., 
8.C., 8.D., Tenn., Utah, Wis., Wyo. (23) 


III. Care of Composite Samples 


A. Preservative used 


1. 
2. 
3. 
4. 
5. 
6. Mercuric chloride: Del., Ill., Ind., La., Maine, Md., Mo., Mont., 
7. 


8. 
9. 


Not specified: (16) 

Suitable: Ariz., Ark., Ky., Mass., Oreg., R.I., Texas (7) 

Solid not to exceed 1% by wt.; liquid not to exceed 2 drops 
fl. oz.: Calif. (1) 

1 part per 1000 formaldehyde or 1 mercuric chloride tablet: 
Colo. (1) 

Approved: Conn., N.J., N.C. (3) 


N.H., Wash., W.Va. (11) 

Mercurie chloride, potassium dichromate, or formaldehyde: 
Mich., Minn., Ohio, Pa., S.C., Va. (6) 

0.3 g. mercuric chloride or equivalent : N.Y., Wis. (2) 

0.5 g. mercuric chloride: Vt. (1) 


B. Maximum period of composite sampling 


a. 
2. 


oo 


Not specified: (20) 

16 days: Ark., Del., Ky., La., Maine, Md., 7 Minn., N.H., 
N.J., N.Y., Pa, R.I., Texas, Vt., Wash., W.Va. (17) 

15 days: Ind., Oreg., Va. (3) 

14 days: Mich., Mo., Mont. (3) 

11 days: Conn., N.C. (2) 

8 days: Calif. (1) 

Twice a month: Ohio (1) 

Weekly: Tenn. (1) 


C. Quantity of aliquot required 


1. 


Not specified : (32) 


2. Not less than 17 ee.: Conn., N.C. (2) 
3. 
4. At least 10 ec.: Ind., Ky., Minn., N.Y., R.I., Texas, Vt., Wash. 


5 to 10 ce.: Kans. (1) 


(8) 


5. Total of 75 ce. suggested : Ohio (1) 
6. 
7. 0.5 oz.: Ark. (1) 


10 to 12 ce. satisfactory : W.Va., (1) 
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8. Sufficient for 4 tests: Md. (1) 
9. 1 0z.: Mont. (1) 


D. Size of sample bottle 
1. Not specified: (27) 
2. At least 2 oz.: Calif., Minn. (2) 
3. Not less than 4 oz.: Conn. (1) 
4. Not less than 8 oz.: Ark., Del., Ind., N.Y., Ohio, Tenn., Wash., 
Wis. (8) 
5. 8 or 16 oz.: Ky., La. (2) 
6. Preferably 8 oz.: Md., N.H., Vt. (3) 
7. 40z. or 8 oz.: Mass. (1) 
8. Sufficient for 3 Babcock tests: La., N.J. (2) 
9. 60z.: W.Va. (1) 
10. Sufficient for period: Mont. (1) 


E. Method for taking 
1. Not specified: (15) 
2. Representative or proportionate: Ala., Ariz., Calif., Colo., Del., 
Tll., Ind., Kans., Ky., Maine, Md., Mass., Mich., Minn., N.J., 
N.C., Pa., Tenn., Texas, Va., Wis. (21) 
3. With thief, pipette or similar sampler: Ark., Iowa, Ohio, Vt., 
W.Va. (5) 
From approved weigh can: Conn. (1) 
Automatic samplers must be approved: N.Y. (1) 
Milk thief or approved weigh tanks: R.I. (1) 
With dipper : La., Mont., N.H., Wash. (4) 


F. Mixing at time of addition of aliquot 
1. Not specified: (22) 
2. Gentle rotary motion: Calif., Conn., Del., Ind., Ky., Mass., N.H., 
N.J., N.Y., Ohio, R.I., Texas, Vt., Va., Wis. (15) | 
3. Shaken to insure thorough mixing: Colo., Mich., Minn. (3) 
4. Rotary motion and invertance: La., Maine (2) 
5. Should not be rotated: Ill., Md. (2) 
6 
7 


. Gently tipped : Wash., W.Va. (2) 
. Mixed: Ark., Mont. (2) 


G. Storage conditions 
1. Not specified: (18) 
2. Cared for or preserved in such a manner to insure accurate test 

thereof: Ariz., Mass., W.Va. (3) 

60° F. or below: Calif., Md. (2) 

32-40° F.: Conn. (1) 

40-50° F.: Del., Idaho, N.Y., Ohio, Wash. (5) 

Protected against high temp. : Ind., Minn., Oreg. (3) 


| 
| | 
| 
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Cool, clean, sanitary place: Ill., Kans., N.Mex., R.I., Texas (5) 

Cool, away from strong light: Ky., Maine, Mich., N.H., N.C., 
Vt. (6) 

Below 55° F.: N.J. (1) 

As cold as practicable—never above 70° F.: Wis. (1) 

Preferably refrigerated: Ark. (1) 

35-55° F.: La. (1) 

Protected from extreme temp.: Mont. (1) 


H. Period held after testing 


aad 


Not specified : (12) 

24 to 48 hours: Ark. (1) 

5 days: Calif., Ill., Mass., R.I., Wis. (5) 

10 days: Colo., Del., Mo., N.Y., Pa., Vt., Wash. (7) 

Until last sample has been added to succeeding composite: 
Conn., La., Mont., N.J. (4) 

3 days: Idaho, Ky. (2) 

2 days: Ariz., Iowa, Miss., Oreg. (4) 

1 day : Kans., Mich., Minn., Nev., Texas (5) 

7 days: Ind., Maine, Md., N.C. (4) 

4 days: N.H., Tenn. (2) 


. ‘Period of time specified by Law’’: Ohio (1) 


12 days: W.Va. (1) 
IV. Preparing Fresh Samples for Testing 


A. Tempering 


Not specified : (33) 

In water bath: Colo., N.Y. (2) 

Mix thoroughly : Conn. (1) 

Adjust to 60-65° F. : Del. (1) 

Adjust to 59-68° F.: Maine, Mo., Utah (3) 

Adjust to 55-65° F.: Md. (1) 

Warm to about 70° F.: Mass., Texas, Vt. (3) 

Water bath for 50 minutes at 60-70° F.: S.D., Wash. (2) 
Heat to 68-70° F.: La., Mont. (2) 


B. Temperature at time of sampling 


Not specified : (27) 

65-75° F.: Colo. (1) 

60-68° F.: Conn. (1) 

60-65° F.: Del. (1) 

55-70° F.: Ind., Mich. (2) 

60-70° F.: Ky., Mont., N.J., Ohio, S.D., Wash. (6) 
68° F.: La., Maine, Mo., Utah (4) 


| 
2. 
3. 
4. 
5. 
6. 
8. 
9. 
10. 
| 2. 
3. 
| 4. 
5. 
6. 
8. 
9. 
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8. 55-65° F.: Md. (1) 

9. About 70° F.: Mass., Texas, Vt. (3) 
10. 56-68° F.: Minn. (1) 

11. 60-100° F. (prefer 60-70° F.): N.Y. (1) 


C. Amount of sample 
1. Not specified : (29) 
2. 17.6 ec.—blow last drop: Colo., Conn., Del., Ind., Ky., La., 
Maine, Md., Mass., Mo., N.J., N.Y., Ohio, S.D., Texas, Utah, 
Vt., Wash. (18) 
3. 17.5 ee.: Mont. (1) 


V. Preparing Composite Samples for Testing 


A. Tempering 
Not specified : (18) 
2. Not to exceed 90° F.: Ark. (1) 
3. Not to exceed 95° F.: Calif., Wis. (2) 
| 4. Gradually heated to 100° F.: Colo., Del., Ind., Maine, Mich., 
| Minn., N.H., Pa., R.I., 8.D., Vt., Wash. (12) 
5. 95-105° F. at risk of tester: Conn. (1) 
6. 30-min. bath at 90° F.: Kans. (1) 
7. 95-100° F.; Md., N.J., N.Y. (3) 
8. Not to exceed 100° F.: Mass. (1) 
9. Heat to 110° F.: N.C., Tenn., Va. (3) 
10. No higher than 104° F.: Ohio (1) 
11. 85-110° F.: W.Va. (1) 
12. Room temperature: Ill. (1) 
13. Heated to 100° F.: La., Mo., Mont. (3) 


B. Temperature of bath 

Not specified : (22) 

90° F.: Ark., Calif., Kans. (3) 

122° F.: Conn. (1) 

105° F.: Del., Ky., Mo., Ohio (4) 

Hot water : Colo., Ind., Tenn. (3) 

110° F.: Md., Nebr., S.D., Texas, Vt., Va., Wash. (7) 
100° F.: La., Minn., Mont., N.H., Pa. (5) 
120° F.: N.Y. (1) 
85-110° F.: W.Va. (1) 

100-110° F.: N.J. (1) 


C. Mixing or stirring before pipetting 

; 1. Not specified : (17) 

; 2. Lumps thoroughly dissolved: Ariz. (1) 

3. Pour back and forth: Ark., Conn., Del., Iowa, Kans., Ky., Maine, 


7 | 
| 
| 
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Md., Mich., Minn., Mont., N.J., N.Y., Ohio, Pa., 8.D., Wash., 
Wis. (18) 
By stirring or pouring back and forth: Ind., Tenn. (2) 
Gentle rotary motion: Mass., Mo. (2) 
Mix: N.C., R.I. (2) 
Do not shake vigorously—‘‘ Use policeman’’: Texas (1) 
Thoroughly mixed: IIl., La. (2) 
Use brush to loosen cream and pour 3 times: N.H., Vt. (2) 
Pour back and forth; use policeman: Calif. (1) 


perature at time of pipetting 


Not specified : (14) 

50-70° F.: Ariz., N.C. (2) 

70-95° C.: Calif. (1) 

65-75° F.: Colo. (1) 

60-68° F.: Conn. (1) 

55-65° F.: Md. (1) 

100° F.: Del., Ind., La. (3) 

60-70° F.: Iowa, Mont., N.J., Ohio, Oreg., S.D., Wash. (7) 
90° F.: Kans. (1) 

60-100° F.: N.Y. (1) 


. 68° F.: Maine, Minn., Mo. (3) 


About 70° F.; Ill., Mass., R.I., Vt., Wis. (5) 


. 55-70° F.: Mich., Va. (2) 


50-100° F.: Pa. (1) 

Not over 110° F.: Tenn. (1) 
Warm : Texas (1) 

85-110° F.: W.Va. (1) 
95-100° F.: Ky., N.H. (2) 


E. Amount of sample 


1. 
2. 


3. 


6. 
7. 


Not specified : (10) 

18 g. or 17.6 ec.: Ark., Kans., Minn., Mont., Nebr., N.H., Oreg., 
Va., Wyo. (9) 

17.6 ec.’s—blow last drop: Calif., Colo., Conn., Del., Ind., Iowa, 
Ky., Mass., Mieh., Mo., Ohio, Pa., S.D., Texas, Wash. (15) | 


4. 17.6 ec.’s: Ill, Nev., N.J., N.C., R.L, Tenn., Vt., Wis. (8) 
5. 


To deliver 17.5 ml. or T.C. 17.6 ml. at 68° F.: Maine, N.Y., 
W.Va. (3) 

17.5 ml.—drain 5 sec.—blow last drop : Md. (1) 

17.5 ec.’s: Ariz., La. (2) 


VI. Testing 


A. Tester license required 
Yes: (40) 


1. 


f 
10. 
12, 
14. 
15. 
16. 
17. 
18, 
| | 
| 
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Not specified: Ga., Maine, Okla., 8.C., S.D., Utah, Wis., Wyo. 
(8) 


B. Specifie gravity of acid 


10. 


go 


Not specified : (14) 
Proper strength: Ariz. (1) 
1.8253 to 1.8263 : Colo. (1) 


'1.82-1.83 at 68° F.: Ark., Conn., Ill., Md., Minn., Mo., Ohio, 


Texas, Utah (9) 
1.82-1.83 at 60° F.: Del., Maine, Pa. (3) 
1.82-1.83: Calif., Ind., Iowa, La., Mass., Mich., Mont., Nebr., 
N.H., N.C., Wis. (11) 
1.82-1.83 at 59° F.: N.J., R.L., 8.C., Tenn., Vt., Va. (6) 
1.820-1.825 at 68° F.: N.Y. (1) 


1.82: W.Va. (1) 


1.825-1.830 at 60° F.: Wash. (1) 


C. Amount of acid 


2. 
3. 


Not specified : (11) 

About 17.5 ee.: Ark., La., Mo. (3) 

17.5 ee.: Colo., Conn., Del., Ill., Ind., Iowa, Kans., Maine, Md., 
Mass., Mich., Minn., Mont., N.H., N.J., N.C., R.I., S8.D., Tenn., 
Texas, Utah, Vt., Va., Wash., W.Va., Wis., Wyo. (27) 

Approximately 17.6 ec.: Nebr. (1) 

Variable to secure clear fat column: Ky., N.Y., Pa. (3) 

15-17.5 ec. : Ohio (1) 

17.0 ee. : $.C., Va. (2) 


D. Temperature of acid 


10. 
11. 
12. 
13. 


Not specified : (13) 

70° F.: Calif., La., Mass., Nebr., N.H., R.I., Vt. (7) 

65-75° F.: Colo. (1) 

60-68° F.: Conn. (1) 

60-65° F. : Del., Wis. (2) 

55-70° F.: Ind., Mich., Va. (3) 

60-70° F.: Iowa, Mont., N.Y., N.C., Ohio, S.D., Tenn., Texas, 
Wash., W.Va., Wyo. (11) 

59-68° F.: Maine, Mo., 8.C., Utak (4) 

55-65° F.: Md. (1) 

65-68° F.: Minn. (1) 

50-100° F.—(50-70° preferred) : Pa. (1) 

65-70° F.: Ark., Ill. (2) 

68-72° F.: N.J. (1) 


E. Method of adding acid 


Not specified : (20) 


| 
| 
| | 
| | 
| | 
4. 
| 5. 
6. 
7. 
1. 
2. | 
| 3. | 
4. | 
5. | 
3 6. | 
7. | 
| | 
| | 
| 
| 
| | 
il | 
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2. Hold bottles at angle and rotate: Colo., Ind., Iowa, Md., Minn., 
Mont., N.H., N.C., 8.D., Wash., W.Va. (11) 
3. Down neck of bottle—preferably not all at one time: Conn., Mo., . 
N.J., Texas (4) 
4. Hold bottle at angle: Del., Ky., Maine, Mass., Nebr., N.Y., Ohio, 
Pa., S.C. (9) 
Rinse down milk—allow to stand 1-3 min. before cent.: Vt. (1) 
Small portions, washing curd from neck: Ill. (1) 
All at one time: La. (1) 
Add slowly : Mich. (1) 


F. Centrifuging procedure 
1. Not specified : (10) 
2. 5 min., 2 min., and 1 min.: Ariz., Conn., Del., Ind., La., Mich., 
Mont., Nebr., N.J., Ohio, 8.D., Va., Wis. (13) 
3. 5 min.—place in water bath 5 min.—cent. 2 min., 1 min: Ark., 
Kans. (2) 
4. 5 min., 2 min., and 1 min. at proper speed: Calif., Colo., IIL, 
Ky., Maine, Md., Minn., Mo., N.H., N.Y., N.C., Pa., R.L, 8.C., 
Tenn., Texas, Utah, W.Va., Wyo. (19) 
4 to 5 min.—1 min.: Iowa (1) 
5 min.—mix thoroughly—2 min. to 1 min.: Mass., Vt. (2) 
. 5 min. or more for 1st; 2 min. for 2nd; 1 min. or more for 3rd: 
Wash. (1) 


G. Speed centrifuge 

1. Not specified: (11) 

2. Standard: Ariz., Ark., Calif., Colo., Conn., Del., Ill., Ind., Iowa, 
Ky., La., Maine, Md., Mass., Mich., Minn., Mo., Mont., Nebr., 
N.H., N.J., N.Y., N.C., Ohio, Oreg., Pa., R.I., S.C., Tenn., 
Texas, Utah, Vt., Wash., W.Va., Wis. (35) 

3. 14”-900 RPM; 20”—-750 RPM: Kans. (1) 

4. 12”-1000 RPM; 18”-800 RPM: Va. (1) 

5. Belt driven not permitted: W. Va. (1) 


H. Temperature of centrifuge 
: Not specified : (26) 
140-165° F.: Calif. (1) 
131° F.: Conn., Minn., Mo., Ohio, S.C., Utah, W.Va. (7) 
Heated : Wis. (1) 
120° F.: Ky. (1) 
130-140° F.: Ark., Ill., Md., N.C., S.D., Wash. (6) 
Unheated if room is warm; heated if room is cold: Mich. (1) 
135-150° F.: N.Y. (1) 
140-150° F.: La. (1) 
About 140° F.: Del., N.H., Vt. (3) 


| | 
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I. Kind of water 
1. Not specified: (15) 
2. Soft: Ark., Colo., Conn., Del., Ind., Iowa, Ky., Maine, Md., 
Mass., Mich., Minn., Mo., N.H., N.J., N.Mex., N.Y., N.C., 
Ohio, Pa., R.I., 8.C., $.D., Tenn., Texas, Utah, Vt., Va., Wash., 
W.Va., Wis., Wyo. (32) 
3. Tap water, preferably soft: La. (1) 


J. Temperature of water 
- 1. Not specified: (12) 
2. Hot: Ark., Iowa (2) 
3. 140-165° F.: Calif., Mich. (2) 
4. 180-212° F.: Colo., Kans., Nebr., N.Mex. (4) 
5. 140° F.: Conn., Del., Ill., Ind., Maine, Minn., Mo., Mont., N.J., 
N.C., Ohio, Pa., 8.C., Texas, Utah, Wis., Wyo. (17) 
6. 135-200° F.: Ky., Tenn. (2) 
7. Above 160° F.: La., Mass., N.H., R.I., Vt. (5) 
8. 150° F. (200° F. if enbeated tester is used) : N.Y. (1) 
9. 140-150° F.: S.D., Wash. (2) 
10. Above 150° F.: W.Va. (1) 


K. Temperature of bath 
1. Not specified : (6) 
2. 130-140° F.: Ariz., Ark., Calif., Ill., Iowa, La., Sas, Minn., 
Mo., Mont., Nev., Oxeg., Texas, Va., Wyo. (15) 
3. 130° F.: Colo. (1) 
4. 131-140° F.: Conn., Maine, 8.C., Utah (4) 
5. 135-140° F.: Del., Ind., Ky., Md., Mich., N.H., N.J., N.Y., Ohio, 
R.L., Tenn., Vt., Wash., Wis. (14) 
6. Not less than 135° F.: Idaho, Kans. (2) 
7. 125-140° F.: Miss. (1) 
8. 120-135° F. (law), 135-140° F. (Cire.) : Nebr. (1) 
9. 120° F.: N.Mex. (1) 
10. 135-145° F.: N.C. (1) 
11. 135-140° F. (law), 130-140° F. (Cire.) : Pa. (1) 
12. 130-145° F.: W.Va. (1) 


L. Time in bath 
1. Not specified: (10) 
2. 5 min.: Ark., Colo., Del., Ind., Ky., La., Maine, Mass., Nebr., 
N.H., N.J., N.Y. Ohio, RL, S.D., Tenn., Texas, Vt., Va., 
Wash., W.Va. (22) 
10 min.: Ariz., Calif., Kans., Mont., N.Mex. (5) 
Not less than 3 min.: Conn., Md. (2) 
Several min.: Iowa (1) 


if 

| 

| | 
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3 min. by law, 5 min. by ext. bul.: Mich. (1) 

7-8 min.: Minn. (1) 

Until equilibrium has been reached: Ill., Mo., 8.C., Utah (4) 
20 min.: N.C. (1) 

10. 3 to 10 min.: Wis. (1) 


M. Method of reading 
1. Not specified: (11) 
2. Extreme bottom to extreme top: Ark., Calif., Colo., Conn., Del., 
Ind., Iowa, Kans., Ky., Mass., Mich., Minn., Mo., Mont., Nebr., 
N.H., N.J., N.Y., Ohio, Pa., R.I., 8.C., S.D., Texas, Utah, Vt., 
Va., Wash., W.Va., Wis., Wyo. (31) 
3. Lowest to highest point (should not be read if fat column is 
outside graduation marks) : Maine (1) 
4. Lower line of separation to top of fat column: Nev., N.C. (2) 
5. Dividers always should be used: Ill., La., Tenn. (3) 
N. Disposition of fractions 
1. Not specified: (36) 
2. To nearest 1/10 graduation: IIl., Ind., La., Maine, Md., Mont., 
N.J. (7) 
Do not record fractions: N.Y. (1) 
To nearest lower 1/10: Minn., Mo., W.Va. (3) 
To nearest higher 1/10: N.H. (1) 


VII. Glassware 


A. Specifications 

1. Not specified: (21) 

2. Standard specifications included: Calif., Conn., Ind., Ky., Md., 
Mass., Minn., Nebr., N.Y., N.D., Oreg., S.C., Texas, Wash. (14) 

3. Standard specifications but not included: Ariz., Del., Idaho, 
Kans., Mo., N.H., Ohio, Utah (8) . 

4. 8 or 10% bottle: Ill., Mont., Vt., Va. (4) 

5. Gives details for calibrating: N.C. (1) 


B. Certified or retested 
1. Not specified: (21) 
2. Required: Ariz., Calif., Conn., Del., Idaho, Ind., Kans., Ky., 
Maine, Md., Mass., Mich., Minn., Nebr., N.H., N.J., N.Y., Oreg., 
Pa., R.1., Tenn., Vt., Va. (23) 
3. Sealed: La., Miss., N.Mex., Wash. (4) 


DISCUSSION 


The results of this suryey indicate considerable variation in specifications 
for sampling and testing technics in conducting the Babcock test. Technics 
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approved by some states are prohibited by others. In the opinion of the 
committee, some of the specifications are wrong; others are unnecessary. 
The fact that a number of specifications are omitted by the majority of the 
states is an indication of the lack of recognition of some of the important 
aspects of the Babcock test and of lack of uniformity in use of the test. 


CONCLUSIONS 


It is the recommendation of this committee that a standardized procedure 
in connection with weighing, sampling, and care of composite samples and 
the operation of the Babcock test be determined and approved by the Amer- 
ican Dairy Science Association. 


| | 

| | 
| 


THE RESISTANCE OF MICROCOCCUS FREUDENREICHII IN 
LABORATORY HIGH-TEMPERATURE-SHORT-TIME PASTEUR- 
IZATION OF MILK AND ICE CREAM MIX 


MARVIN L. SPECK! 
National Dairy Research Laboratories, Inc., Baltimore, Maryland 


In the course of some preliminary laboratory experiments dealing with 
the high-temperature-short-time (HTST) pasteurization of ice cream mix, 
it was desirable to determine the times and temperatures required to insure 
the destruction of pathogenic bacteria in this product. Studies of this 
nature usually have been made using a non-pathogenic test organism having 
somewhat greater resistance to heat than the most heat-resistant pathogen. 
This procedure avoids certain hazards which are encountered when patho- 
gens are used, particularly in plant studies, and provides a margin of safety 
for the destruction of pathogens. 

Fuchs (3), during a study of the sterilization of milk utensils by heat and 
chlorine in 1932, isolated a particularly heat-resistant strain of Escher- 
ichia coli which was used as an index of satisfactory sterilization. This 
culture has since been used as a test organism by many investigators study- 
ing pasteurization processes and is identified as the U. 8. Public Health 
Service strain of EZ. coli (no. 3 U). Myers and Sorensen (6) used this 
organism to determine the times and temperatures required to destroy the 
Escherichia and Aerobacter groups of organisms in ice cream mix. Frank 
et al. (2) also used this culture as the test organism in a study of the bac- 
tericidal treatment of milk cans in hot air cabinets. Holland and Dahlberg 
(5), in an investigation of the effect of time and temperature of pasteur- 
ization on certain properties and constituents of milk, and Hening and 
Dahlberg (4), in a similar study on cream, used this culture of EZ. coli as a 
test organism for proper pasteurization. 

It was planned to use the EZ. coli (no. 3 U) in the present investigation. 
However, a recent survey in this laboratory of transfers of this organism 
from various sources failed to reveal any strains which possessed the degree 
of heat resistance which was found in earlier studies. In attempts to find 
another organism which could be used as a test organism, a heat-resistant 
micrococcus was isolated and found to possess characteristics desirable for 
this study. 

EXPERIMENTAL PROCEDURE 


During an experiment dealing with the heat resistance of E. coli (no. 3 
U) in milk, small red colonies which were not typically coliform developed 
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on some of the desoxycholate lactose agar (BBL) plates after 48 hours at 
37° C. These colonies appeared on plates poured from samples of pasteur- 
ized milk which had been inoculated with EZ. coli (no. 3U) and heated at 
140° F. for 50 minutes, but not on plates poured from the same milk heated 
at 140° F. for 55 minutes. Studies on a pure culture from a typical colony 
showed it to be a micrococcus which tentatively was identified as Micro- 
coccus freudenreichu (no. MS66). In 48 hours at 37° C. on desoxycholate 
lactose agar, colonies of this organism were pink to red in color and about 
1 mm. in diameter. Since the culture apparently had the resistance for- 
merly possessed by EL. coli (no. 3 U) and since it could be grown on a selec- 
tive medium, its heat resistance and usefulness as a test organism in pasteur- 
ization methods were studied. 

Stock and test cultures of M. freudenreichii were carried on agar slants 
of a medium containing 1.0 g. of yeast extract (BBL), 0.5 g. of NZ case 
(Sheffield), 0.5 g. of glucose, 0.4 g. of K,HPO,, 0.1 g. of KH.PO,, 1.5 g. of 
agar, and 100 ml. of distilled water. Adjust to pH 7.0, if necessary, before 
sterilization at 15 lb. steam pressure for 20 minutes. 

Weekly transfers of the culture were prepared and incubated at 37° C. 
for 24 hours. These stock cultures were stored in the refrigerator from 1 
to 10 days, and during this storage period were used to inoculate test cul- 
tures. The test culture, grown on a slant of medium of the above com- 
position, was incubated at 37° C. for 24 hours and used immediately for a 
pasteurization test. More uniform resistance of the culture was obtained 
if the test cultures were prepared from a stock culture which had been re- 
frigerated at least 1 day and preferably not more than 10 days. 

The growth of the test culture was washed completely from the slant 
(5 ml. of medium slanted in a 16-mm. culture tube), suspended in 40 to 50 
ml. of sterile distilled water, shaken vigorously 100 times, and then filtered 
through sterite no. 12 folded Whatman filter paper. This suspension was 
kept at room temperature and used for the tests within 45 minutes after 
its preparation. This suspension in 0.05-ml. quantities was added to 5 ml. 
of sample and usually gave 1 to 2 million cells per milliliter of sample. 

Milk used in this study was pasteurized and contained 4.6 per cent 
butterfat. The ice cream mix was obtained by melting (at about 50° C.) 
vanilla ice cream as purchased in pint packages. The average composition 
of this mix was 12 per cent fat, 11 per cent milk solids-not-fat, 14 per cent 
sucrose, and 0.25 per cent stabilizer, with the reaction adjusted to pH 6.7. 

In order to avoid the variations which occur in the time for heating to 
the different temperatures, milk or ice cream mix first was tempered to the 
temperature under test and then inoculated. The method used was modeled 
somewhat after the one used by Fuchs (3), who eliminated heating-up times 

in his pasteurization studies by inoculating a tube of tempered milk with a 


. 
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drop of test culture. In the present study, 5 ml. of milk or mix was placed 
in a sterile 120 x 20 mm. screw-cap glass vial, and then a rubber diaphragm 
stopper inserted in the vial to replace the cap. All vials thus were practi- 
eally airtight. In the skirt of the stopper was placed a cotton plug which 
was kept in place until the tube was inoculated with the test culture. Then 
the material was tempered to the proper temperature, as shown by a test 
thermometer inserted through a rubber stopper and placed in a separate 
vial containing 5 ml. of the material under test. Heating was done in a 
thermostatically controlled water bath. The temperature of the material 
under test was controlled to about + 0.25° F. Tubes were immersed in 
the bath to the shoulder of the tube, which made the water level about 3.5 
inches above the level of the material under test. Unheated controls 
usually were inoculated for each temperature, except in the HTST ex- 
periments, where the interval from one temperature to another was very 
short. Uninoculated controls also were run to determine if the uninoculated 
material had any interfering organisms present. 

When the material under test had been tempered properly, 0.05 ml. of 
the culture suspension was inoculated into it through the rubber stopper by 
means of a 1-ml. tuberculin syringe equipped with a 2-inch 20-gauge hypo- 
dermie needle. This permitted instantaneous inoculation and mixing of 
the test material with an accurate volume of the suspension, and the inoculum 
could be directed entirely into the test material with none going on the 
sides or top of the vial. The inoculum usually lowered the temperature of 
the test material 0.3 to 0.4° F. To compensate for this, the material under 
test was tempered 0.3 to 0.4° F. higher than the temperature under test. 
Where extensive holding was done at a given temperature, the bath was 
adjusted to hold at the temperature under test after inoculating a series of 
vials at intervals of 30 seconds. For short holding periods at high tempera- 
tures, no adjustment was made to lower the temperature of the bath since 
considerable time was required to equalize the temperature of the milk or ice 
cream mix with that of the surrounding bath. When the holding time was 
less than two minutes, the vials were shaken continuously during this 
period; for longer holding times they were shaken intermittently every 
1 to 2 minutes. At the end of the holding period, the vial was immersed 
immediately in ice water and shaken to cool the sample rapidly. Samples 
were refrigerated until plated. 

The pasteurized samples usually were plated with 1 ml. of the sample 
and in duplicate using desoxycholate lactose agar as the plating medium. 
When less than 1 ml. of sample was plated there was some indication that 
the medium had an inhibitory effect on the heated cells of M. freudenreichit. 
When plating ice cream mix, an overlay of medium (3 to 5 ml.) was used 
to prevent spreading growth of any surviving bacteria of this type. The 
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plates were incubated at 37° C. for 2 days. An additional 24-hour in- 
cubation gave only an insignificant increase in count of the pasteurized 
samples. 
RESULTS AND DISCUSSION 

In table 1 the average times for 99.99 per cent destruction in milk at 
various temperatures are given for M. freudenreichii (no. MS66) and E. coli 
(no. 3 U), the data for the latter being taken from the studies of Holland 
and Dahlberg (5) and Hening and Dahlberg (4). The data show that the 
two cultures had very similar degrees of heat resistance, although the meth- 
ods of pasteurization differed somewhat. In view of these results and the 


TABLE 1 


The thermal death times (99.99 per cent destruction) at various temperatures of 
Escherichia coli (no. 3 U) and Micrococcus freudcnreichii (no. MS66) in milk 


E, coli (no. 3 U) Micrococcus 
Temperature Holland and Hening and freudenrcichii 
Dahlberg (5) Dahlberg (4) (no. MS66) 
(°F.) 
140 50) min. 55 min. 
145 15 min.* 20 min. 17.5 min. 
150 4 min. 4 min, 5 min. 
155 1.5 min, 1.5 min. 1 min. 
160 17.5 see. sec. 15 see. 
165 7.5 sec. 3 sec.* 4 see, 
170 0 see. 2-3 sec.* 0 sec. 


* No data given for shorter holding times. 


ability of the culture to grow on a selective medium, M. frudenreichii ap- 
peared to be a desirable test organism to use in these studies since a culture 
of E, coli (no. 3 U) having satisfactory heat resistance was not available. 

The heat resistance of M. freudenreichii in ice cream mix and milk was 
determined, in most instances from a number of tests, as shown in table 2. 
Individual experiments at times gave thermal death times slightly above 
or below the averages shown. The thermal death times of the test culture 
in milk and ice cream mix also were plotted graphically, as shown in 
figure 1. The thermal death time of the test organism at a given tempera- 
ture was about two to four times longer in ice cream mix than in milk, the 
difference being greater at the lower temperatures and becoming smaller 
with an increase in temperature. 

It is reasonable to expect that the thermal death times found for M. 
freudenreichii in ice cream mix represent, at the least, the minimum times 
and temperatures which would eliminate pathogenic bacteria in this prod- 
uct. The problem of establishing the margin of safety which must be added 
for satisfactory HTST pasteurization can be solved by determining the 
times and temperatures which will give as effective pasteurization as that 
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The destruction of Micrococcus freudcnreichii (no. MS66) at various times and 
temperatures in milk and ice cream mix 


Milk Ice cream mix 
Temperature Time s No. of : No. of 
Destruction Destruction 
(°F.) (min.) (%) (%) 
45 6 
55 99.99 6 
145 10 99.93 3 
17.5 99.99 
5 99.99 1 = 1 
155 0.5 99.95 
1.0 99.99 6 99.97 2 
1.5 99.99 6 ee 
(sec.) 
160 5 * 4 
10 4 5 
20 2 4 
4 
5 2 99.96 2 
7.5 2 99.97 2 
170 0 4 ° 3 
1 4 99.99 3 
2 4 99.99 3 


*Colonies too numerous to count in these samples. 
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given by 155° F. for 30 minutes, as specified in the Frozen Desserts Ordi- 
nance and Code (7). Since the present investigation shows a good margin 
of safety in the usual practice of pasteurization at 155° F. for 30 minutes, 
equivalent HTST pasteurization, whether established by a heat-resistant 
test organism, reduction in total bacterial count, or some other means, should 


100 


10 ICE CREAM MIX 


HOLDING TIME (MINUTES) 


145180 155, 160 165 170 


Fie. 1. The thermal death time (99.99 per cent destruction) of M. freudenreichii 
(no. MS66) in milk and ice cream mix. (Plotted semi-logarithmically.) 


have an equivalent margin of safety. Thus pasteurization at 180° F. for 
19 seconds, as found by Dowd and Anderson (1) to be equivalent to 160° F. 
for 30 minutes in reducing the total bacterial count of ice cream mix, 
would afford a good margin of safety according to the results of the present 
study. 
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SUMMARY AND CONCLUSIONS 


An organism tentatively identified as M. freudenreichii and designated 
strain no. MS66 was isolated and its heat resistance in milk and ice cream 
mix was studied. It was found to possess about the same degree of heat 
resistance in milk as was formerly possessed by the heat-resistant E. colt 
(no. 3 U), and was used as the test culture in laboratory pasteurization 
studies. 

An improved laboratory pasteurization technique was devised for con- 
ducting HTST pasteurization tests which should give results similar to 
those obtained in commmercial HTST pasteurization units. 

The length of time required for 99.99 per cent destruction of M. freuden- 
reichit (no. MS66) at a given temperature was two to four times greater 
for ice cream mix than for milk, this difference decreasing with increased 


temperatures. 
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CHANGES IN CELL VOLUME AND IN CONCENTRATION OF 
HEMOGLOBIN AND OF SEVERAL INORGANIC CON- 
STITUENTS OF THE BLOOD OF CALVES DURING 
EARLY POSTNATAL DEVELOPMENT’ 


G. H. WISE,? M. J. CALDWELL,’ D. B, PARRISH, 
R. J. FLIPSE, anp J. S. HUGHES 


Kansas Agricultural Experiment Station, Manhattan 


Knowledge of the composition of blood from normal dairy cattle under 
typical feeding and managemental practices is requisite to the diagnosis of 
many metabolic disorders. Considerable investigation has been directed 
toward ascertaining normal values for many of the blood constituents of 
adult cows in various stages of the reproductive cycle, but, with the excep- 
tion of carotenoids and of vitamin A, little attention has been given to de- 
terminations of the changes that normally occur in the composition of the 
blood of calves during the critical periods of early postnatal development. 

Limited data on the mineral constituents of the blood of young calves 
(1, 3, 9, 10, 15, 16, 17) indicate that following birth inorganic phosphorus 
of the blood increases while potassium decreases; whereas cell volume, cal- 
cium, and magnesium undergo no significant changes. In most of these 
studies small numbers of experimental subjects and infrequent analysis 
of the blood have yielded too few data to establish the normal trends. 

The present investigation, a phase of a study also including the changes 
in the compestition of the blood of the parturient cow, was undertaken to 
provide information on the cell volume and the hemoglobin content of 
blood and the concentration of various inorganic constituents of the blood 
and of the serum of the calf during the normal transitory stages of early 
life. 

PROCEDURES 


The experimental subjects, 11 normal dairy calves representing the Ayr- 
shire, the Hostein, and the Jersey breeds, were subjected to a typical herd 
regime. The dams of the calves had received standard barn rations and 
seasonal pasture during the terminal 6 to 8 weeks of gestation. Each calf 
was fed colostrum from its dam the first 3 days, whole milk from the college 
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herd from the fourth day to the fourth week inclusive, and separated milk 
thereafter. Colostrum, whole milk, and separated milk were fed at the rate 
of 10 per cent of the body weight of the calf per day to a maximum of 12 Ib. 
After the calves were 2 weeks of age, a concentrate mixture and alfalfa 
hay were fed ad libitum. Several hours daily the calves were released into 
an open pen. Additional details of feeding and management have been 
recorded (25). 

Collection, preparation, and analysis of blood. Collections of samples 
of venous blood were made before colostrum consumption, daily the first 3 
days, weekly from 1 to 6 weeks of age, and biweekly thereafter to 10 weeks 
of age. Analysis for the various constituents in the whole blood and the 
serum was continued either throughout the experiment or to the period when 
a uniform level apparently had been reached (tables 1 and 2). 

Cell volume (hematocrit values), hemoglobin, and the minerals, calcium, 
magnesium, sodium, and potassium, were determined on samples of whole 
blood. The serum analysis included all the foregoing minerals and inor- 
ganic phosphorus in addition. The procedures used are outlined in figure 
1. Where either blood or serum and one or more other substances are listed 
together, it is implied that they were mixed thoroughly. 

The hematocrit readings reported herein are uncorrected for cell volume ; 
therefore the values are considered as apparent rather than as absolute. 
It is recognized that when salts, such as sodium oxalate, are used as anti- 
coagulants, there is a tendency for the individual cells to shrink (23), thus 
reducing the mass of the corpuscles. Contrariwise, the unavoidable en- 
tanglement of considerable plasma among the compacted cells tends to in- 
crease the apparent volume (9). Since these opposing tendencies are not 
entirely compensatory, the resulting volume is abnormally high. Thus 
calculations based on the apparent corpuscular-plasma ratio must be re- 
garded as approximations suitable for comparative purposes only. 

The only modifications in addition to those indicated in figure 1 were as 
follows: 

Hemoglobin. This was determined by the Sanford and Sheard (18) 
method using the Evelyn photometer at 540 my to ascertain the intensity of 
color in the final solution. The Evelyn photometer was standardized by 
direct comparisons with a Bausch and Lomb spectrophotometer previously 
calibrated at 542 mp (19). 

Potassium. In this procedure (12), final concentrations were measured 
colorimetrically by means of the Evelyn photometer using a 440 mz filter. 

Inorganic phosphorus. This component of serum was determined by 
the procedure of Fiske and Subbarow (6), except that the final readings 
were made on the Evelyn photometer using a 620 my filter instead of the 
660 mz usually recommended. 
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RESULTS 


A preliminary survey of the analytical data revealed that the variations 
among individuals within each breed exceeded the variability among breeds. 
Therefore, the data from all 11 calves were included in a single average for 
each stage of development at which determinations were made. 

Blood serum. Means and standard errors for inorganic phosphorus, 
calcium, magnesium, sodium, and potassium of blood serum are shown in 
table 1. Of these elements, inorganic phosphorous exhibited the most pro- 
nounced change; it increased from birth to 3 weeks of age, the percentage 
inereases being 13.4 by the third day and 26.9 by the third week. The eal- 
cium concentration was uniform during the period of colostrum ingestion 
but subsequently slowly decreased to 5 weeks of age, the degree of reduction 
being 13.8 per cent. The resulting ratios of calcium to inorganic phosphorus 
decreased from 1.8:1 at birth to 1.3:1 at 4 weeks. Though the levels of 
magnesium fluctuated from period to period, no definite trends were re- 
vealed; the ratios of calcium to magnesium, ranging from 5.1:1 to 4.2:1, 
thus tended to decrease as the calcium values declined. Sodium values de- 
creased slightly (9.9 per cent) during the first 2 weeks, after which the 
levels tended to be uniform. Except for a slight reduction during the 
first 2 weeks, the potassium values manifested little variation; hence the 
range in sodium-potassium ratios was relatively small, 16.7 :1 to 14.6 :1. 


TABLE 1 


Average concentrations of several inorganic constituents in the blood serum 
of 11 normal dairy caives 


Age Concentration of minerals in blood serum 
of 
ealf |. a. Caleium Magnesium Sodium Potassium 
(days) (mg./100 (mg./100 (mg./100 (mg./100 (mg./100 
ml.) ml.) ml.) ml.) ml.) 
0 6.7 + 0.29 12.3 + 0.23 2.4+0.10 384+ 8.0 23 + 0.7 
1 6.9 + 0.26 12.3 + 0.19 2.6 + 0.05 372+ 9.4 25 + 0.8 
2 7.6 +0.15 12.3 + 0.26 2.4 + 0.06 372+ 8.6 * 24+0.5 
3 7.6+0.17 11.9 + 0.19 2.4 + 0.08 369 + 10.2 23 +0.5 
7 8.1+0.20 11.2 + 0.14 2.5 + 0.04 352+ 8.6 24+0.3 
14 8.3 + 0.25 11.1+ 0.13 2.4+ 0.05 346+ 6.0 22 +0.3 
21 8.5+0.18 11.0 + 0.15 2.6 + 0.06 356+ 8.3 22+0.6 
28 8.5 + 0.23 10.9 + 0.14 2.5 + 0.04 362+ 7.3 22+0.4 
35 8.2 + 0.32 10.6 + 0.13 2.4 + 0.06 352+ 5.2 22+0.5 
42 8.1+0.23 10.7 + 0.18 2.4 + 0.04 350+ 6.0 21+0.3 


Whole blood. The means, including their standard errors, for various 
constituents of whole blood are presented in table 2. Cell volume (hemato- 
erit values) and hemoglobin decreased 31.0 per cent and 29.8 per cent, 
respectively, during the first 3 weeks after birth, the rate of decline being 
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more rapid during the first 3 days than later. After the third week, both 
constituents exhibited a gradual upward trend that continued during the 
remainder of the experimental period. Sodium values of the blood de- 
creased 10.4 per cent during the first 2 weeks. After the period of decline, 
the concentrations gradually returned to approximately the initial level. 
The potassium content of the blood immediately after birth was almost three 
times as high as that at 10 weeks of age. With the exception of the acceler- 
ated reduction during the first 3 days, the rate of decrease tended to be uni- 
form to the eighth week, at which time the values appeared to level off. 
The concentrations of calcium and of magnesium varied from period to 
period but manifested no definite trends that could be associated with 
changes in either age of calf or féeds consumed. 


TABLE 2 


Average levels of cell volume, hemoglobin, and several mineral constituents 
of the whole blood from 11 normal dairy calves 


Age Levels of constituents in whole blood 
of 
ealf e* Calcium Magnesium Sodium Potassium 
0 42+1.8 12.4 + 0.66 2.6+0.08 | 308+13.9 | 141+4.4 
1 39+1.5 12.0 + 0.53 2.8 + 0.06 291+11.6 134+4.8 
2 37+1.6° | 11.3+0.55 2.6+0.05 | 292+ 9.7 | 125+4.7 
3 3441.8 10.7 + 0.51 2.7+0.08 | 290+13.3 | 119+4.4 
7 33+1.9 10.2 + 0.57 2.7+0.04 | 278+12.0 | 111+3.2 
14 30 + 2.0 9.3 + 0.54 2.6+0.05 | 276+10.6 94+3.7 
21 29+1.9 8.7 + 0.56 2.7 + 0.06 294 + 10.4 82+3.3 
28 31+1.7 9.0 + 0.54 2.7+0.05 | 298+ 4.5 80 + 3.6 
35 30+1.1 9.1+ 0.35 2.6+0.05 | 313+ 8.1 69 +4.1 
42 30+ 0.8 9.2 + 0.25 2.5+0.04 | 311+ 7.4 62 + 2.3 
56 32+0.9 9.7 + 0.30 54+1.9 
70 33 +1.2 10.7 + 0.39 53+1.4 


* Hematocrit values. 


A comparison of the data in table 1 with those of table 2 reveals higher 
values for calcium and sodium in blood serum than in whole blood ; whereas 
the reverse was true of the levels for magnesium and potassium. Thus it is 
apparent that calcium and sodium were concentrated primarily in the serum 
phase and magnesium and potassium in the cellular components of whole 
blood. 

In contrast to the small changes in the proportion of sodium to potassium 
in the serum of the calves, the sodium-potassium ratio in the whole blood 
gradually increased from 2.2:1 at birth to 5.0:1 at 6 weeks. 

The calculated ratio of sodium to potassium in the cellular fractions, 
based on hematocrit values, suggested that the proportions changed as the 
calves developed. During the first 4 weeks following birth, the potassium 
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content of the cells was greater than the sodium; thereafter the sodium 
concentration was higher. This change in relationship was due not only to 
the reduction in potassium but also to the increase in sodium. 

Computations of the approximate distribution of potassium between the 
serum and the cells (based on hematocrit readings) in the whole blood at 
different periods indicated that at birth only 10 per cent of the total was 
in serum, but at 10 weeks of age the percentage had increased to 28. The 
sodium distribution varied slightly, but the fluctuations were not of suffi- 
cient magnitude to be considered significant. 


DISCUSSION 

The complexity of the interaction of the mineral elements in the body 
functions renders interpretation of the changes in concentration of individ- 
ual constituents of the blood difficult. The concomitant reduction in the 
apparent cell volume and the hemoglobin of the blood of the calves during 
the first 3 weeks of postnatal life raises a question concerning the physio- 
logical causes and significance of the trends. Though the large amounts of 
blood withdrawn from the young calves during the first 3 days probably 
accentuated the rate of decrease during this period, the general downward 
trends are in accord with the observations of Fraser (7), who found that the 
hemoglobin concentration and the number of red blood cells in calves and 
lambs decreased during the first week following birth. Occasionally, how- 
ever, low hemoglobin values have been noted (24) in the newborn calf. 
The levels in these cases either remained approximately uniform or in- 
creased slightly. Apparently the trends of hemoglobin during the first 2 
or 3 weeks of postnatal life are influenced by the initial level. 

According to a review by Davidson and Leitch (2), a high hemoglobin 
level.in mammals at birth is regarded as an adaptation to relatively ineffi- 
cient aeration in utero. With the establishment of lung breathing, there is 
believed to be a surplus of hemoglobin; hence red blood cells are destroyed, 
a so-called ‘‘physiological destruction’’. It was suggested further that 
this alteration is a process of replacement of fetal erythrocytes by cells of a 
different type. This physiological reduction is believed to be independent 
of iron reserves and dietary intake. The changes in the hematocrit values 
and hemoglobin levels in the blood of the young calves observed in this 
study suggest the occurrence of ‘‘physiological anemia’’, particularly in 
the early stages of decline. Whether the apparent activation of erythro- 
poiesis when the calves were about 4 weeks of age was stimulated by the stage 
of growth (2) or by the preceding dietary changes remains to be deter- 
mined. Further hematological studies of calf blood to determine the early 
postnatal changes in types of cells and additional nutritional investigations 
to ascertain the responsiveness of the hemoglobin content of the blood to 
dietary supplements are indicated. 
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One of the most striking characteristics noted in the blood of the young 
calf is the high potassium content at birth followed by a gradual reduction 
over a period of 8 to 10 weeks to the normal adult level (10). Another in- 
vestigator (9) also has observed this phenomenon, but its physiological 
significance is obscure. 

As previously indicated, potassium is found primarily in the red blood 
cell; therefore changes in the cell volume (hematocrit) would be expected 
to affect the concentration of potassium in the whole blood. Since the down- 
ward trend of potassium continued after the hematocrit and the hemoglobin 
values began increasing, factors other than corpuscular volume per se appar- 
ently were involved. If the suggestion (2) that the type of cells change 
during the early postnatal development applies to calves, it is conceivable 
that the high potassium content is characteristic of the fetal erythrocytes. 
On the basis of this conjecture, changes in the concentration of potassium of 
blood suggest that most of the displacement of the fetal red cells had oceurred 
by the eighth to the tenth week following birth. Though reduction may be 
due to excessive egression from the cells, the constancy of potassium in the 
serum tends to invalidate this possibility. 

The metabolic significance of the high potassium values in the neonatal 
calf is subject to speculation. Shohl (20, p. 124) stated that when growth 
is rapid, the need for potassium increases. Miller’s investigations (14) 
with rats indicated that a deficiency of this element during early develop- 
ment not only may prevent growth but also may cause physiological distur- 
bances that are mani“ested at a later age, even though the potassium supply 
is raised to adequate levels. If similar responses occur in the bovine, the 
high level of potassium in the blood of the neonatal calf possibly may be 
insurance against the development of subsequent anomalies. This postula- 
tion is in harmony with the fact that colostrum, the first food of the calf, 
is considered to be low in potassium (8). However, the normal dietary 
changes to which the calves were subjected did not alter perceptibly the 
. downward trend in the potassium concentration in the blood. The extent to 
which this reduction would be amenable to supplemental feeding of potas- 
sium remains to be determined. 

In the calf, as in other species, sodium of the blood occurs principally in 
the serum. The amount in the red blood cells of the human subject is so 
small that its presence has been questioned (20, p. 121), but this is not true 
of other species, including cattle. Kerr (13) reported that in the dog, the 
sheep, and the cow sodium predominated over potassium in the red blood 
cells. The data presented herein indicated that in the early postnatal stages 
of the calf there was a preponderance of potassium in the cellular fraction, 
but after 4 weeks of age the computed sodium content of the cells was 
greater than the petassium, a relationship similar to that reported for the 
cow (13). 
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According to Bunge’s thesis, as reviewed by Shohl (20, p. 123), an excess 
intake of either potassium or sodium causes excretion of the other. The 
dietary sodium-potassium ratio apparently was not a major factor contrib- 
uting to the ratio of these two elements in the blood of young calves ob- 
served in this study. Moreover, there was not a reciprocal relationship 
in the concentrations of sodium and potassium of the blood as reported by 
Groenewald (10), who found that the reduction in potassium concentration 
was correlated with an increase in sodium. 

The responses of sodium concetrations in the whole blood and in the 
serum to dietary changes are indefinite. Though the increases followed the 
addition of hay and concentrates (containing 1 per cent supplemental 
sodium chloride) to the diet, the changes, particularly in the serum, were 
not of sufficient magnitude to be considered significant. 

The calcium in blood, according to Shohl (20, p. 133), is found wholly or 
almost wholly in the serum, the red cell membrane being impermeable to 
this element. Gradual reduction of serum calcium of the calf following 
the early postnatal stages corroborates the findings of other investigators 
(1, 9, 10). Computations based on the corpuscular-plasma volumes in- 
dicated the presence of considerable calcium in the cellular fraction of blood 
also. The validity of these calculations is questionable in view of the in- 
adequacy of hematocrit measurements as indicators of the absolute red 
eell volume. 

The inorganic phosphorus of the serum increased considerably during 
the early stages of postnatal development. Studies (9, 10, 15) of the in- 
organic phosphorus of the whole blood, collected at frequent intervals dur- 
ing early postnatal life, revealed trends similar to those noted herein for 
serum. Since inorganic phosphorus is concentrated almost entirely in 
the serum (10), the increases in the whole blood are indicative of the changes 
in concentration of this phosphorus fraction in the serum. 

Unlike calcium and inorganic phosphorus, magnesium is present in 
slightly greater concentration in the whole blood than in the serum of calves. - 
This is in accord with the results from other studies (9) of calf blood, but 
contrary to the findings from investigations (4) of the compositions of blood 
from older cattle. There is no obvious explanation for this difference. 

Sodium, potassium, calcium and magnesium ions in the body fluids must 
be balanced in order that irritability and contractility may be produced 
(20, p. 118). Though the concentrations and the distributions of these 
elements in the serum and the corpuscular phases of the whole blood varied 
with advancement in the age of the calf, the metabolic significance of these 
changes is obscure. 

Transitions in the typical dietary regime did not alter the concentra- 
tions of the mineral constituents of calf blood and blood serum so percep- 
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tibly as they did the cartenoid and vitamin A values (25). It is possible 
that such factors as solar irradiation during the period of experimentation 
(summer and fall), water consumption, and ingestion of foreign matter from 
the barnyard might have modified the effects of the diet. Determination 
of the responses of the minerals of the blood of young calyes to various 
dietary supplements warrants further exploration. 


SUMMARY 


During the first 6 to 10 weeks of postnatal development of 11 normal 
calves, determination of hematocrit values and of hemoglobin levels in the 
blood and of the concentrations of several inorganic constituents in the blood 
and in the serum were made. 

Hematocrit values and hemoglobin concentrations declined during the 
first 3 weeks after birth but gradually increased during the following 7 
weeks. 

Inorganic phosphorus of the blood serum increased from 6.7 mg./100 
ml. at birth to 8.5 mg./100 ml. at 3 weeks, remaining relatively constant 
thereafter. 

Calcium of the whole blood ranged from 8.5 mg./100 ml. to 9.4 mg./100 
ml. but revealed no consistent trends, whereas in serum the level decreased 
slightly but steadily from 12.3 mg./100 ml. during the period of colostrum 
consumption to 10.6 mg./100 ml. at 5 weeks of age. 

Magnesium of whole blood varied from 2.5 mg./100 ml. to 2.8 mg./100 
ml., and of serum from 2.4 mg./100 ml. to 2.6 mg./100 ml., but the concentra- 
tion in neither exhibited a definite trend as the calves developed. 

Concentrations of sodium in the whole blood decreased slightly the first 
2 weeks but increased to the initial level within the following 3 weeks, the 
extremes being 276 mg./100 ml. and 313 mg./100 ml.; similar general 
trends were noted in the serum in which the range in concentrations was 
346 mg./100 ml. to 384 mg./100 ml. 

Potassium of the whole blood declined steadily from an average of 141 
mg./100 ml. at birth to an average of 53 mg./100-ml., the level in adult 
cattle, at 10 weeks ; the concentrations in the serum exhibited little variation, 
ranging from 21 mg./100 ml. to 25 mg./100 ml. 

A comparison of the levels of minerals in whole blood and in serum in- 
dicated that the concentrations of sodium and calcium were greater in serum 
than in the cells; whereas the reverse was true of potassium and magnesium. 

Computations, based on hematocrit values, indicated that the amount of 
potassium in the cells predominated over that of sodium during the first 4 
weeks of postnatal life; subsequently sodium concentrations predominated 
over potassium in the cellular fraction. 
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THE KEEPING QUALITY OF DRY WHOLE MILK SPRAY DRIED 
IN AN ATMOSPHERE OF AN INERT GAS"? 


T. COULTER 
Dairy Division, University of Minnesota 


The drying of milk in an atmosphere of an inert gas such as nitrogen 
or carbon dioxide in order to eliminate or retard oxidation of the lipids 
has been suggested frequently. Ekenberg (4) in 1911 was granted a U. 8. 
patent for a process for spray drying milk in an atmosphere of carbon 
dioxide and water vapor. Dickinson and Moreton (3) received a U. S. 
patent in 1943 on a method involving spray drying in carbon dioxide or 
‘fany other oxygen-free gas’’. A French patent was granted in 1921 to 
Vitoux and Porcher (7) for a drier utilizing an inert gas. 

Obviously, to use a gas other than air would be practical only if the 
gas was very cheap or could be dehumidified for reuse. Exhaust flue gases 
might be satisfactory if combustion was so regulated as to obtain the de- 
sired low oxygen level in the gases and yet sufficiently complete to eliminate 
objectionable characteristics such as carbon specks. 

The 1907 patent of Merrell e¢ al. (5) on spray drying provided for 
possible recirculation of the air. An arrangement of cooling coils was used 
to partially dehumidify the air. Ekenberg (4) utilized the same principle. 
Bichowsky (1), in a patent granted in 1941, provided for recirculation of 
air in tray drying by regulating the humidity of the air through contact 
with a hygroscopic solution of controlled temperature and humidity. 

A spray drier? which permits recirculation of the drying fluid (air, 
nitrogen, or carbon dioxide) has been in successful operation in the labo- 
ratories of the Dairy Division of the University of Minnesota since October, 
1943. Dehumidification is accomplished in this drier by passing the ex- 
haust gas from the drier counter-current through sprays of water. In a 
later design, a standard finned-type air conditioning unit was used. 

There is little advantage in cooling the gas below 70° F. (21.1° C.). 
The cooled gas is, of course, approximately saturated with water vapor at the 
temperature to which it is cooled, but at 70° F. only 0.01578 lb. (6) of water 
vapor is required to saturate 1 lb. of air. This amount is less than the water 
vapor usually carried by the air used in conventional driers, particularly 
during the summer months. 

Received for publication September 10, 1947. 

1 Scientific Journal Series Article no. 2358, Minnesota Agricultural Experiment 
Station. 

2 Aided by a grant from the Minnesota Research Foundation. 

3 Construction of the drier was supervised by Mr. J. A. Phelan, Central Scientific 
Shops, University of Minnesota. 
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Assuming sufficient cooling surface so that there can be a 10° F. (5.5° C.) 
temperature rise in the cooling water, about 1 gallon of water is required 
per pound of gas (nitrogen) circulated. This figure is based on nitrogen 
15 per cent saturated at 170° F. (77° C.), which is about normal for spray 
drier operation and will vary somewhat depending upon the temperature 
and humidity of the exhaust gas from the drier. Under these conditions, 
about 19 gallons of cooling water are required per pound of drying effect 
or 28.5 gallons per pound of powder dried from condensed milk with a solids 
content of 40 per cent. 

DESCRIPTION OF DRIER 


Schematic diagrams of the drier are shown in figures 1 to 3. The princi- 
pal features are: 
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Seah: 
Fig. 1. Schematic diagram of drier. 
I. The heater and fan. 


Five 1,400-watt chromalox ‘‘Koilfin’’ heaters manufactured by the 
Edwin L. Weigand Company, 7500 Thomas Boulevard, Pittsburgh, Pa., 
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are used for heating. A circulation of up to 120 cubic feet per minute 
of gas is provided by a two-blade fan driven through variable speed pul- 


Secon AA $ 


Fig. 2. Cross section of heater section. 


Section 88 : 


” Fig. 3. Cross section of drier chamber. 


leys by a 0.25 h.p. electric motor. Three of the heaters can be thrown 
in or out of the circuit by individual snap switches. The other two 
heaters are regulated thermostatically. 
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II. The atomizer. 
A diagram of the two-fluid stainless steel atomizer is shown in 
figure 4. The bore of the milk tube is 4 mm. tapering to 1 mm. at the 


Fic. 4. Two-fluid atomizer for drier. 


tip, which has an outside diameter of 15 mm. The atomizing gas (air, 
nitrogen, or carbon dioxide) at a pressure of 25 to 70 lb. per square 
inch emits around the tip of the milk tube through a 2 mm. orifice in 
the cap. The rate of milk flow can be varied by regulating the pressure 
on the milk line. Compressed air, nitrogen, or other gas introduced 
above the milk in a closed container is used as the source of pressure. 
A relief valve is installed in the container. The rate of flow is deter- 
mined by noting the loss in weight of the milk and container placed on 
a dial seale of suitable sensitivity. 
III. The drying chamber. 

The atomizer is mounted so that the milk spray enters the gas stream 
at a point level with the top of the drying chamber. The dry milk 
falls to the bottom of the cone and thence to the box below the cone, 
where it may be canned without contact with the air. The cans and 
sealer may be manipulated through rubber gloves attached to flanged 
holes in the side of the box. 

IV. Powder removal from air stream. 

The gas leaving the cone passes upward through six filter bags 
evenly spaced around the drying chamber between the inner cylinder 
and the outer wall. The bags are standard bags for a Roger’s drier 
shortened to the required length. The rods to which the upper ends of 
the bags are attached are hooked to supports outside of the drying 
chamber so that the bags may be shaken when necessary. A reason- 
ably gas-tight seal is provided by sleeves of flexible rubberized cloth 
clamped at one end to the rods and at the other to the rims of 6-inch 
openings in the top of the chamber. 

V. Dehumidification of air. 

The exhaust air duct conveys the gas to the bottom of the ‘‘con- 
denser’’. Water at about 50° F. (10° C.) is fed into the top of the 
chamber and falls over a series of baffles arranged so that the air 
must pass counter-current to the water flow through a series of water 
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sprays. A water seal in the overflow pipe from the bottom of the 
chamber prevents entrance of air during operation. 


OPERATION OF DRIER 


The drier was designed to remove at the maximum about 10 lb. of water 
per hour. Operating on 40 per cent condensed whole milk, a capacity of 
5 lb. of dry whole milk per hour easily can be attained. Best results have 
been secured with the temperature of the inlet gas at about 300° F. (149° C.) 
and that of the exhaust gas at 160° F. (71° C.). Dry milk with a moisture 
content not higher than 2.0 per cent and yet with a solubility index not 
greater than 0.1 ml. easily can be obtained under these conditions. 

The drier operates equally well on air, nitrogen, or carbon dioxide. The 
system may be charged with nitrogen or carbon dioxide by alternately 
admitting gas from a tank to build up pressure equivalent to about 1 inch 
of water and then drawing an equivalent vacuum through an outlet in the box 
below the cone. Gas for analysis can be taken from the same outlet. Using 
this procedure it is possible to reduce the oxygen content of the gas in the 
system to below 2 per cent with one 13-lb. tank of nitrogen. Using nitrogen 
as the atomizing gas, the oxygen content of the gas in the system drops 
during operation to below 1 per cent in less than 1 hour and to below 0.5 per 
cent in 2 hours. One tank of nitrogen will furnish gas at 70 lb. pressure to 
the atomizer for about 2 hours. The oxygen content of the gas in the head 
space of the canned dry milk is comparable to that of the gas in the chamber 
at the time of drying. 

This drier, as constructed and operated, is, of course, strictly an ex- 
perimental unit. It is believed, however, that the general scheme could 
be used commercially without prohibitively increasing the cost of the dried 
product. 

Present commercial driers probably could not be adapted readily to the 
use of an inert gas because of their large volumes in relation to drying 
capacities and the difficulties of charging the systems with nitrogen. 


KEEPING QUALITY OF DRY WHOLE MILK 


Eight comparisons have been made in which split lots of the same milk 
have been dried, one in nitrogen and the other in air. The milk was high 
quality mixed milk from the University herd and was preheated to 165° F. 
for 30 minutes and condensed in stainless steel equipment to about 
40 per cent total solids before drying. The milk dried in nitrogen was 
canned in the atmosphere in which it was dried. That dried in air was 
gas-packed to equivalent. oxygen levels. Multiple gassing (2), with 24- 
hour intervals between gassings to permit diffusion of oxyen from the air 
cells, was necessary to obtain the lower oxygen levels. 

Every effort was made to control the moisture content of the powder to 
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within the range of 2.0 to 2.5 per cent, but this was not attained in all 
instances. Samples of the canned powder were stored at 100° F. and graded 
at intervals during a period of up to 22 months. The milk was reconstituted 
for scoring with distilled water at 70° F. and was examined within an hour. 
Scores were placed by a panel of never less than five and usually six 
persons selected from among a larger group because of their ability to 
distinguish among flavors. The student’s score card for fluid milk, in 
which the normal range in flavor score is 25 to 40, was used. Reconstituted 
milk prepared from freshly dried milk usually is scored 37 with the 
criticism ‘‘cooked’’ by the panel. 

Data on all of the first five lots will not be reported in detail since with 
two of these lots the moisture content of the nitrogen-dried powder was 
excessive and with one lot the desired oxygen level was not attained. 
Summaries of the data for five of the lots are shown in tables 1 to 5. 

The keeping quality of the powder appears to have been influenced by the 
differences in the amount of oxygen in the can and not by whether the 
powder was dried in nitrogen or in air. An interesting observation, as 
shown in lots 1 and 2, was that powder dried in nitrogen and then removed 


TABLE 1 


Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 


(Summary of data for lot 1) 


Scores after storage at 
Dried in 100° F. for 
5 mo. 10 mo. 
(%) 
Nitrogen ................ Canned in air 17.0 
Nitrogen ................ 1st half run 3.0-4.0 32.5 
Nitrogen .. wn 2nd half run 2.0-3.0 35 34 
Canned in air 20.8 Tallowy 
Single gassed 2.0 35 34 
TABLE 2 


Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 


(Summary of data for lot 2) 


7-day Scores after storage at 100° F. for 
Dried in Remarks oxygen 

level Initial 3 mo. 8 mo, 15 mo. 

(%) 
1.4-3.0 37 34 34 31 
Nitrogen ........ Canned in air 19.7 37 28 Tallowy sl 
ME ssscascecoec Single gassed 1.5 37 35 35 32.5 
Canned in air 20.8 37 Tallowy 
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TABLE 3 


Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 


(Summary of data for lot 6) 


Scores* after storage at 100° F. for 
Dried in Remarks ri 
— Initial | 3 mo. | 10 mo, 12 mo. 
(%) 
Nitrogen ........ 1st half run 0.8-1.0 37 35.75 35.5 35.25 
Nitrogen ....... | 2nd half run 0.4-0.8 37 35.50 36.25 35.25 
fanaa Double gassed 0.8 37 35.25 35.25 35.25 


* Averages of scores on two cans of powder separately reconstituted. 


TABLE 4 


Comparison of keeping qualities of powdered whole milk spray 
dried in nitrogen and in air 


(Summary of data for lot 7) 


7-day Scores after storage at 100° F. for 
Dried in Remarks oxygen 

level Initial | 4mo. | 12 mo. | 16 mo. | 22 mo. 

(%) 
Nitrogen ........ 1st half run 1.50-2.00 37 35.75 | 36.25 | 34.75 | 34.75 
Nitrogen ........ 2nd half run 1.00-1.50 37 35.75 | 36.25 | 34.50 | 34.75 
.. | Single gassed 2.00 37 35.50 34.25 
Double gassed 1.10 37 35.75 | 35.25 | B45 


* Averages of scores on two cans of powder separately reconstituted. 


TABLE 5 
Comparison of keeping qualities of powdered whole milk spray 
driéd in nitrogen and in air 
(Summary of data for lot 8) 


7 7-day Scores after storage at 100° F. for 
Dried in Remarks | oxygen 
level | Initial | 6mo. | 9mo. |13mo. |20 mo. 
(%) 
Nitrogen ........ | 1st half run 0.6—1.0 37* 35* 34.5* 35* 34.5* 
Nitrogen ........ | 2nd half run 0.5-0.6 37 35.75* 35.5* 35.5* 35* 
Ai Single gassed 1.7 37 34 35 33.5 33 
Double gassed 0.7 37 35 34.5 34.5 34 
Held under 0.4 37 35 35 35 35 
vacuum 
before 
gassing 


* Averages of scores on two cans of powder separately reconstituted. 


from the drier and canned in air actually ‘‘desorbed’’ nitrogen so that 
the 7-day oxygen level was materially lower than that of powder dried and 
canned in air. 
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The data show an improvement in the keeping quality of the powder 
with decrease in the oxygen level. At oxygen levels of 1 per cent or lower, 
the powder retained its quality remarkably well. Deterioration was most 
rapid during the first months, and after an initial drop in score the powder 
became virtually stable. 

The gases in the cans were analyzed for oxygen and carbon dioxide at 
each examination period. Oxygen was not present in the gases in detectable 
amounts after 6 months storage. The carbon dioxide content increased | 
gradually throughout the storage period. These powders were subjected to 
various other analyses, but since much more extensive data obtained in 
studies on the effects of oxygen and moisture levels on the keeping quality 
of dry whole milk now are being prepared for publication, they will not 


be reported at this time. 
SUMMARY 


The drying of whole milk or other oxygen-labile materials in an atmos- 
phere of nitrogen or carbon dioxide has been shown to be entirely practical. 
Drying of the gas to permit re-use can be affected by cooling at an ex- 
penditure of not more than 20 gallons of 50° F. water per lb. of water 
removed. The amount of gas required would be excessive with the con- 


ventional spray driers now available. 

The keeping quality of dry whole milk is influenced materially by 
the amount of oxygen left in the container, but not by whether the milk is 
dried in inert gas or in air. At oxygen levels of 1 per cent or below, dry 
whole milk of low moisture content deteriorates very slowly, even at 100° F. 
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TOTAL DIGESTIBLE NUTRIENTS AND PROTEIN LEVELS FOR 
* DAIRY BULLS USED IN ARTIFICIAL BREEDING 


CECIL BRANTON]!, R. W. BRATTON, G. W. SALISBURY 


Laboratory of Animal Breeding and Artificial Insemination, Department of Animal 
Husbandry, Cornell University, Ithaca, New York 


There are few objective data available concerning the levels of total di- 
gestible nutrients (T.D.N.) and protein necessary to maintain the body 
weight of mature bulls (19). With the exception of the Russian work (11, 
12, 20, 21), which the authors are in no position to evaluate, having seen 
only the abstracts, a review of the literature reveals little objective informa- 
tion concerning the effects of quantity and quality of rations.on semen pro- 
duction (5) and fertility of mature dairy bulls. Most of the studies in 
this country have been with young bulls (7, 8). The increasing number 
and size of bull studs supplying semen from proved bulls for artificial 
insemination has focused more and more attention on the need for reliable 
information on feding the mature sire. 

Many authors (3, 4, 10, 13) have recommended that dairy bulls be kept 
in vigorous physical condition but not too fat since high finish is believed 
to make them sluggish. Others (6, 11) have recommended that bulls gain 
in weight when in active service. The actual basis for their reeommenda- 
tions is not given. 

Recognizing the situation just described, a series of investigations were 
planned in this laboratory to determine the nutritive requirements of mature 
dairy sires used routinely for artificial insemination. The first of these ex- 
periments was published earlier (14). However, as that experiment pro- 
gressed, it became evident that more fundamental information was needed 
on the T.D.N. and protein requirements before other nutrient requirements 
could be studied adequately. Thus, the present paper deals with the re- 
sults of an investigation to determine the effects of feeding controlled levels 
of T.D.N. and protein on semen production, fertility level, and liveweight 
changes of mature dairy bulls used routinely in artificial insemination. 


EXPERIMENTAL METHODS AND MATERIALS 


Since the establishment of the bull stud by the New York Artificial 
- Breeders’ Cooperative, Inc., the general feeding practices have resulted in 
T.D.N. intakes of approximately 120 per cent of recommended allowances 
for maintenance of dry dairy cows of equivalent weight (10). The rations 
generally fed consisted of concentrate mixtures containing approximately 

Received for publication September 11, 1947. 

1 Now at the Louisiana Agricultural Experiment Station, Baton Rouge. 
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14 per cent total protein and mixed hay containing less than 50 per cent 
legumes. These feeds, at the levels fed, apparently had been satisfactory 
for the production of semen of high quality, the maintenance of fertility, 
and the maintenance of body weights. It seemed desirable to study levels 
at considerable ranges from the average in use. Therefore, the levels of 
100, 120, and 140 per cent of recommended dry dairy cow maintenance re- 
quirements for T.D.N. (10) were chosen for study. 

The basic formula for calculation of these T.D.N. allowances was 7.93 

(body weight) 

Ib. T.D.N. x 1,000 . 
determined for the 100 per cent level? was increased by 20 and 40 per cent, 
respectively. Since it was desired to use concentrate mixtures made up of 
varying proportions of the same feeds, the lowest level of protein chosen was 
12 per cent. From some of the work mentioned above (5, 11, 12) it appeared 
that additional protein might be advantageous. Therefore, three levels of 
protein in the concentrate mixtures, 12, 16, and 20 per cent, were used for 
comparison. 

Feeds used and management of the bulls. The ingredients used to make 
up each of the concentrate mixtures, chemical analysis of each mixture and 
that of the hay fed are given in table 1. 

The experimental feeding was planned so that 60 per cent of the T. D. N. 
requirement of each bull was supplied by the hay fed and 40 per cent by the 
concentrate mixture fed. While this proportion of feeds has been found 
satisfactory for maintaining tidy middles on bulls, enabling them to serve 
readily, it is not known that it represents the ideal combination. 

The amount of feed to be fed each bull during each experimental period, 
in order to meet the T.D.N. levels specified for each period, was established 
on the basis of the initial body weight of each bull. The resulting feeding 
schedule was not altered as a consequence of subsequent changes in body 
weight. 

All bulls were exercised daily, either in a small dry lot or on a mechanical 
exerciser. The latter exercise was equivalent to a slow walk for approxi- 
mately one mile. Throughout the experiment each bull was used for service 
approximately once every 12 days, at which time two or three ejaculates 
were collected. 

The experimental design. For the study of the three T.D.N. levels and 
in order to remove statistically their possible carry-over effects, a ‘‘double » 
change over’’ design,.as described by Cochran et al. (2), involving three 
90-day periods, was employed. Superimposed upon their design was a 270- 


For the two higher levels, the allowance as 


2 The 100 per cent level of recommended allowances of T.D.N. is the same as that 
given by Morrison (10) for ‘‘Good cows under usual conditions’’ for body weights up 
to 1,800 Ib. 
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day continuous-type experiment for studying the three protein levels. 
Nine Holstein-Friesian and nine Guernsey bulls, averaging 6.3 + 0.5° years 
of age and 1749 + 79° lb. in body weight, were selected from the stud of the 
New York Artificial Breeders’ Cooperative, Inc., on the basis of the likeli- 
hood that they would remain in active service during the projected 270-day 
experiment. Within each breed the bulls were divided into three groups 
containing three similar individuals. Assignment to groups was made on 
the basis of the information available concerning each bull’s semen produc- 
tion, fertility, and body weight. The three groups within each breed then 
were assigned at random to the three protein levels. Within protein levels, 


TABLE 1 
Ingredients and chemical composition of the concentrate mixtures and hay fed 


Concentrate mixtures 
12% 16% 20% 
total total total Hay 
protein protein protein 
Ingredients (lb.) 

Ground oats 780 680 585 50% timothy 
Wheat bran 200 200 200 40% grasses 
eilmesl 20 160 300 
Soybean oilmeal ecco 20 160 300 10% clover 
Steamed bone meal ......2..-..eccou0 20 20 20 
Salt 20 20 20 

Total 2000 2000 2000 

Chemical composition (%) 

Moisture 10.85 10.47 10.09 10.63 
Crage protein... 12.38 15.37 18.48* 8.88 
3.90 3.83 4.26 1.64 
Crude fiber 7.94 8.71 7.37 38.04 
Nitrogen-free extract 0.00000. 59.66 56.42 54.93 34.71 
Ash 5.27 5.19 4.87 6.10 

Total 100.00 99.99 100.00 100.00 
Total digestible nutrients (%) 76.55 76.54 76.49 49.20 


* Because of one low value for crude protein during one period, the average of the 
chemical analyses of the theoretical 20% protein concentrate was somewhat below the 
planned level. 


the assignment of sequences of T.D.N. levels to each bull was done in a 
manner described by Cochran et al. (2). The completed design is shown in 
detail in table 2. 

Measurement of the results. Data were recorded routinely on the charac- 
teristics of each ejaculate of semen produced by each bull at each collection 
period, on the fertility of the semen used for insemination, and on the 
changes in body weights of the bulls. For the statistical analyses of the 
semen characteristics the data were grouped by experimental periods, the 


3 Standard error of the mean. 
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average value being used as a single observation. Significance of treatment 
ditferences was tested by analyses of variance (9, 22). 

The following criteria were used to evaluate the semen samples: volume, 
per cent of motile spermatozoa (1), concentration (number of spermatozoa 
per mm.*) (17), and the methylene blue reduction time (1). Each semen 
sample which met the enumerated specifications for use in artificial insemina- 

TABLE 2 


Experimental design showing assignment of bulls to treatments 
(Each period 90 days in length) 


12% protein group 


T.D.N.—Group 1 T.D.N.—Group 2 
(Holsteins ) (Guernseys) 
Period Bull Period Bull 
1 2 | 3 4 5 6 
100* 120 140 100 120 ‘140 
II 120 140 100 II 140 100 120 
III 140 100 120 III 120 140 100 
16% protein group 
T.D.N.—Group 3 T.D.N.—Group 4 
(Holsteins) (Guernseys) 
Period Bull Period Bull 
7 8 9 10 11 12 
I 100 120 140 I 100 120 140 
II 120 140 100 II 140 100 120 
III 140 100 120 III 120 140 100 
20% protein group 
T.D.N.—Group 5 T.D.N.—Group 6 
(Holsteins) (Guernseys) 
Period Bull Period Bull 
13 14 15 16 | 17 | 18 
I 100 120 140 I 100 120 140 
II 120 140 100 II 140 100 120 
III 140 100 120 III 120 140 100 


* Figures within the T.D.N. groups represent the T.D.N. level fed in terms of % of 
Morrison’s (10) recommended maintenance standard for good dry cows under usual con- 
ditions. 
tion was diluted with yolk-citrate diluert (18, 23) and shipped by the Co- 
operative to its affiliated local units throughout New York state for use in in- 
seminating cows. Semen samples which did not meet the specifications for 
shipment were discarded. This fact in itself was used as an additional over- 
all criterion of semen quality. 
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The dilution rates employed varied from 1:39 to 1:99 depending on the 
need for semen on any particular day. These varying dilution rates were 
not confounding factors within the experiment, as shown by the investiga- 
tions of Salisbury (15). 

The evidence on the fertility of the semen samples was obtained from the 
- number of services to cows being bred for the first time in any service period 
and whether or not these cows returned to artificial service during a period 
of 5 months. For each experimental period the total number of these first 
services and the total number of 5 months’ non-returns to these same first 
services were used to calculate the per cent of non-returns (16). The signifi- 
cance of differences observed was tested by covariance analysis (22). 

In order to establish the initial liveweight and the body weight changes 
of each bull, the bulls were weighed on 3 consecutive days at the beginning of 
the experiment and at the end of each 90-day experimental period. 


RESULTS AND DISCUSSION 


The results of the investigation are presented in five parts, namely, the 
ealeulated average intake of digestible protein and T.D.N. of each group at 
each level of intake, the characteristics of the semen produced, the fertility 
of the semen used, the changes in body weights of the bulls, and a tenta- 
tive feeding standard for mature dairy bulls. 

Calculated intakes of T.D.N. and digestible protein. The intakes of 
T.D.N. and digestible protein for each of the groups of bulls at the three 
levels fed are shown in table 3. The values were calculated from the 
amounts of feed fed, the chemical composition of the feeds, and the average 
digestion coefficients given by Morrison (10). 


TABLE 3 
Calculated average total pounds T.D.N. and digestible protein fed per bull per day 
Protein P Caleulated amcants at T.D.N. levels of 
level of Constituent 
concentrate 100% 120% 140% Av. 
(%) (1b.) (1b.) (1b.) (1b.) 
12 T.D.N. 12.98 15.64 
Digestible protein 1.25 1.51 1.75 1.51 
16 T.D.N. 12.79 15.31 
Digestible protein 1.40 1.68 1.96 1.68 
20 T.D.N. 12.79 15.35 Seo 
Digestible protein 1.64 1.97 2.28 1.96 


Semen characteristics. The mean values and the least differences be- 
tween means required for statistical significance on ejaculates from which 
the means were derived are shown in table 4. These means represent first, 
second, third, and in few instances, fourth ejaculates. 
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It should be pointed out that the effect of protein levels was measured 
less precisely by the experimental design used than was the effect of the 
T.D.N. levels. The results as shown in table 4 are interpreted to mean that 
rather wide ranges of T.D.N. accompanied by considerable shifts in body 
weight, as will be shown later, can be fed mature bulls for at least 90 days 
without influencing semen production. The data also indicate that no 
more protein need be fed than that supplied in the roughage and the 12 
per cent protein concentrate mixture. 


TABLE 4 
Summary of semen characteristics 


Semen characteristics 
Methy- 
No. of — lene © Dis- 
sperm blue carded 
Vol. Motility per — redue- ejacu- 
mm.3 P tion lates 
ejac. 
(ml.) (%) (x 103) | (x 108) (min.) (%) 
T.D.N. level fed 
5.70 72.7 1,219 7,096 5.03 43.2 
No. of ejaculates ..... 216 179 197 197 161 215 
120% MEAD. 5.64 73.5 1,226 7,197 5.04 37.8 
No. of ejaculates ...... 281 244 249 249 216 281 
ee 6.50 73.2 1,220 6,788 4.97 40.8 
No. of ejaculates ..... 246 211 219 219 186 246 
Protein level fed 
6.08 74.3 1,198 7,359 5.08 36.1 
No. of ejaculates ..... 246 214 220 220 203 246 
5.93 73.9 1,176 7,178 5.15 41.4 
No. of ejaculates ..... 248 209 225 225 178 248 
4.91* 71.2t 1,272t 6,544 4.80 44.3 
No. of ejaculates ..... 248 211 220 220 182 248 
Least significant differ- 
ence for 2 selected 
means 
-t |. 2.34 82 588 - 


* Significant at 5% level of probability. 
t Significant at 1% level of probability. 
t-= Difference between treatment means not significant. 


Fertility of the semen used. The fertility data were obtained only 
on those ejaculates meeting the relatively high standards of semen quality 
required by the New York Artificial Breeders’ Cooperative, Inc. These 
data presented in summary form in table 5, show, by treatments, the 
total number of first services, the total number of 5 months’ non-returns, and 
the calculated per cent of non-returns. Although there is a trend indicated 
by the results, especially with respect to the bulls fed the different protein 


| 
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TABLE 5 
Summary of fertility data 
Fertility criteria 
Treatments 
Total first Total 5 months’ 
services non-returns 
T.D.N. level fed 
00% es 7,360 3,998 54.3 
9,419 5,168 54.9 
8,198 4,582 55.9 
Protein level fed 
2% 10,190 5,863 57.5 
16% 8,260 4,429 53.6 
20% 6,527 3,456 52.9 


levels, the wide variability in the fertility results of individual bulls makes 
these differences statistically insignificant. 

Body weight changes. Mean initial body weights, mean body weight 
changes, and their standard errors are given in table 6. 

Body weight changes at all levels of T.D.N. fed were significantly dif- 
ferent from each other, while differences in body weight changes between 
protein levels were not. No significant T.D.N.-protein level interactions or 
T.D.N. carry-over effects were obtained. 

A tentative feeding standard for mature dairy bulls. The relationship 
between the average body weight during two consecutive experimental feed- 
ing periods, in one of which there was a loss and in the other a gain in 
weight, and the estimated pounds of T.D.N. per day required to maintain 
this average weight are shown in figure 1. 


TABLE 6 


Mean initial body weights, mean body weight changes, and standard errors 
of the means for treatments 


Initial body Body weight 
Treatment weight changes 
(1b.) (1b.) 
T.D.N. levels fed* 
100% 1,862+ 85 -—46.4+ 9.2t 
120% 1,770+ 70 43.4+ 9.3t 
140% 1,767+ 83 102.4 +11.8t 
Protein levels fed 
2% 1,770 +163 135.7 + 35.2 
16% 1,736 + 153 88.2 + 26.6 
20% 1,739 +117 83.3 + 28.9 


* Initial body weights for the T.D.N. levels represent the body weights at the begin- 
ning of the period in which the T.D.N. levels were fed. For protein levels the initial] 
weight represents weights taken at the beginning of the experiment. 

t Highly significant statistically. 

t LSD = Least significant difference. 


1010 CECIL BRANTON ET AL. 


The linear correlation coefficient, r = 0.944, and the linear regression co- 
efficient, b,,. = 0.006613, as determined from the plotted values shown in 
figure 1, were both highly significant statistically. On the other hand, 
the deviations from linear regression were not significantly statistically. 
Therefore, the authors believe that the linear regression equation, = 2.33 
+ 0.006613 XY where Y is the pounds T.D.N. required at body weight X, fur- 
nishes a satisfactory basis for the establishment of a tentative feeding stand- 
ard for mature dairy bulls. 


200 T T T T T T T 
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r= 0.94 
Y = 2.33 + 0.0066/3X 


160 


POUNDS TON PER DAY 


10.0 


39 
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Fig. 1. Seatter didgram showing regression of pounds T.D.N. required per day on 
average body weight. (The points plotted were arrived at in the following manner: 
Average body weight = initial weight of the first period + final weight of the second 
period+2. The estimated pounds T.D.N. per day required to maintain the average body 
weight = pounds T.D.N. fed per day during the period in which there was a loss in weight 
increased by an amount equal to the fraction, pounds loss in weight + pounds total change 
in weight, regardless of sign, x the difference in pounds T.D.N. per day fed during the 
two consecutive experimental feeding periods.) 


Table 7 shows the calculated pounds of T.D.N. required per day for 
bulls of body weights from 1,200 to 2,600 Ib. and the respective concentrates 
and hay equivalents when-the concentrates furnish 40 per cent and the hay 
60 per cent of the daily T.D.N. requirement. 

In terms of a practical feeding schedule, the standard in table 7 reduces 
itself to the feeding of 0.46 lb. of concentrate mixture and 1.0 lb. of hay at 
the lowest body weight and 0.40 lb. of concentrate mixture and 0.9 lb. of 
hay at the greatest body weight per 100 lb. body weight per day. Further- 
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more, it appears that for mature dairy bulls a concentrate mixture contain- 
ing approximately 12 per cent protein, when fed with mixed hay, will 
supply sufficient protein for maintenance of body — as well as 
satisfactory semen production. 


TABLE 7 
Tentative feeding standard for mature dairy bulls* 
Pounds of 75% Pounds of 50% 
Body weight Total lb. digestible T.D.N. concentrate T.D.N. mixed hay 
of bull nutrients required to supply 40% of to supply 60% 
(Ib.) per bull per day total daily T.D.N total daily T.D.N. 
requirement requirement 
1,200 10.27 5.5 12.3 
1,300 10.93 5.8 13.1 
1,400 11.59 6.2 13.9 
1,500 12.25 6.5 14.7 
1,600 12.91 6.9 15.5 
1,700 13.57 7.2 16.3 
1,800 14.23 7.6 17.1 
1,900 14.89 7.9 17.9 
2,000 15.56 8.3 18.7 
2,100 16.22 8.6 19.5 
2,200 16.88 9.0 20.3 
2,300 17.54 9.4 21.0 
2,400 18.20 9.7 21.8 
2,500 18.86 10.1 22.6 
2,600 19.52 10.4 23.4 


* Based on the regression equation: Y = 2.33 + 0. 006613X, where Y=T.D.N. required 
at body weight X. 


SUMMARY 


Using 18 bulls, 9 Holstein-Friesians and 9 Guernseys, studies were con- 
ducted relating measurable semen characteristics, relative fertility, and 
body weight changes to T.D.N. intake levels of approximately 100, 120, 
and 140 per cent of recommended maintenance requirements for dry dairy 
cows of equivalent weights fed simultaneously with concentrate mixtures 
‘ontaining 12, 16, and 20 per cent total protein. 

These relatively wide ranges of T.D.N. intake, accompanied by con- 
siderable shifts in body weight, can be fed mature bulls for at least 90 days 
without influencing semen production or fertility. Under the conditions 
of this experiment, 12 per cent of protein in the concentrate mixture fed 
with mixed hay, containing approximately 10 per cent of legumes, sup- 
plied enough protein for semen production and the maintenance of fertility. 

Based on the results of this experiment, a tentative feeding standard 
for mature dairy bulls used routinely in artificial insemination is proposed. 
In terms of a practical feeding schedule, such a standard reduces itself to 
approximately 1 Ib. of hay and 0.4 to 0.5 lb. concentrate mixture daily per 
100 Ib. of body weight. 
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The authors are indebted to R. F. Elliott, Laboratory of Animal Nutri- 
tion, Department of Animal Husbandry, Cornell University, for the chemi- 
cal analysis of the feeds used. 
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JOHNSON, C. R., 1912 Otoe, Lincoln 

KEENEY, PHILIP, 3605 Holdrege, Lincoln 

MoreGan, Curis, 5103 Greenwood Ave., 
Lincoln 

Mutter, L. K., 88th & Western Ave., 
Omaha 

NEWHorr, GEORGE, 3109 Orchard, Lin- 
coln 3 

PETERSON, GAIL M., 3244 Vine St., Lin- 
coln 

RADENBAUGH, GEORGE, 7043 Burlington 
Ave., Lincoln 

Stout, Gorpon L., 5140 Prescott, Lin- 
coln 


NEVADA 


Member: 
HEADLEY, F. B., Dept. of Farm Div., 
Univ. of Nev., Reno 


Subscriber: 


Univ. or NeEvaDA, Ext. Dept., Reno 


NEw HAMPSHIRE 


Members: 
*AMIDON, WINTHROP R., c/o H.H.B.A., 
Rt. 4, Concord 
Boynton, HiLtTon, Ext. Dairyman, Univ. 
of N. H., Durham 
Cummines, C. M., Advanced Register 
Div., American Guernsey Cattle Club, 
Peterboro 
ELDER, THOMAS E., Alton 
Farrar, Prescott S., Senior Sanitary 
Insp., Div. of Food & Chemistry, State 
Dept. of Health, Concord 
KEENER, HArry A., Dairy Husb. Dept., 
Univ. of N. H., Durham 
Moore, H. C., Dairy Dept., Univ. of 
N. H., Durham 


Morrow, Dairy Husb. Dept., Univ. 
of N. H., Durham 

NICKOLLS, C. R., Rt. 2, Manchester 

Ousson, G. B., Northwood Narrows 

PIKE, ADNA B., Dept. of Agr., Concord 

SHULTzZ, EARL N., American Guernsey 
Cattle Club, Peterboro 


Subscribers: 


BarteMus, C. N. Co., ¢/o Robert B. Far- 
num, Railroad Sq., Concord 

BLACKWELL, CHARLES A., Valley Farms, 
Walpole 

HAMILTON SMITH LIBRARY, 
N. H., Durham 

HAUBRICH, WILSON R., Claremont 


Univ. of 


NEW JERSEY 


Members: 
BARTLETT, J. W., Dairy Dept., N. J. Agr. 
College, New Brunswick 


BAUERNFEIND, J. C., Hoffman-La Roche 
Ine., Nutley 10 

BECKER, HENRY, Livingston Ave., Rose- 
land 
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BENDER, CARL B., Dairy Husb. Dept., 
N. J. Agr. Expt. Sta., New Brunswick 

BERGGREN, RuTH E. L., Kind & Knox 
Gelatine Co., N. 5th St., Camden 

*BERLINER, VICTOR R., Ortho Pharmaceu- 
tical Corp., Raritan 

BisHop, JOHN V., Columbus 

*Borowsky, Harry H., Onyx Oil & 
Chemical Co., Warren & Morris Sts., 
Jersey City 

Bryan, JOHN S., c/o Walker-Gordon 
Lab. Co., Plainsboro 

CuaRK, Rosert I., Apt. 2B-30A, Meadow- 
brook Village, Plainfield 

Conn, RALPH I., 1071 Mt. Vernon Rd., 
Union 

GREEN, D. F., 125 Thomas St., Cranford 

HERROLD, JOHN, Library, Natl. Oil Prod. 
Co., Harrison 

JOHNSTON, JAMES E., Dairy Research 
Farm, Sussex 

KEENEY, MAarK H., Cedar Grove 

LEAR, SAMUEL A., Dairy Husb. Dept., 
Rutgers Univ., New Brunswick 

LevowiTz, Davin, N. J. Dairy Labs., 226 
Eastern Ave., New Brunswick 

LitTLe, LAWRENCE, E. F. Drew & Co., 
Inc., 416 Division St., Boonton 

McCan, J. C., 246 Grant Ave., Highland 
Park 

Merzerr, H. J., N. J. Agr. Expt. Sta., 
New Brunswick 

MIXNER, JOHN P., Dairy Research Sta., 
Sussex 

Moran, JAMES J., Kimble Glass Co., 
Vineland 

Moss, J. R., 709 Mountain Ave., West- 
field 

Nar, H., Continental Foods, Inc., 
Hoboken 

Perry, E. J., N. J. Agr. College, New 
Brunswick 

Prau, Karu O., Dairy Research Sta., 
Sussex 

REECE, RALPH P., Dairy Husb. Dept., 
N. J. Agr. Expt. Sta., New Brunswick 

J. THomMAs, Dairy Research Sta., 
Sussex 

*Satspury, R. L., Dairy Research Sta., 
Sussex 

SCHEIDENHELM, E. C., Dairy Dept., Rut- 
gers Univ., New Brunswick 

SHuart, C. Epmunp, N. J. Expt. Sta., 
Sussex 

STAMBAUGH, DEAN R., Breyer Ice Cream 
Co., Newark 

Tirus, Harry W., Lime Crest Research 
Lab., R.D. 1, Newton 

TREGURTHA, JAMES D., Newark Milk & 
Cream Co., 26 Bridge St., Newark 

VAHLTEICH, H. W., c/o Best Foods, Inc., 
Bayonne 
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WALDRON, C., Califon 
*WELSH, MARK, 239 Beechwood Rd., 
Ridgewood 
*WiaciIn, STANLEY H., Rt. 2, Newton 


Subscribers: 


CAMPBELL Soup Co., Attn: Lab., 100 
Market St., Camden 

GAINES, RoBERT P., City Chemist, 867 
Blvd., Bayonne 

GrEIGy Co., INnc., Insecticide Div., Re- 
search Lab., 62 W. 2nd St., Bayonne 

GENERAL Foops Corp., Central Lab. 
Library, 1125 Hudson St., Hoboken 

JANSSEN, F. W., 109 Grand St., Ho- 
boken 

JENSEN MACHINERY Co., Locust Ave. at 
Nelson St., Bloomfield 

JUNE Prop. Co., INc., 223 Coles 
St., Jersey City 2 

Krart Foops Co., 812 Jersey Ave., Jer- 
sey City 

Liprary, N. J. Acr. Expr. Sta., New 
Brunswick 

LovEJoy, O. H., White Labs., Ince., 
Special Markets Div., 113 N. 13th 
St., Newark 7 

Manarrey, J. LYNN, Dir. Dept. of 
Health, Trenton 7 

ORTHO RESEARCH FOUNDATION, Raritan 

RuDEMANN, D. W., Walker-Gordon 
Farms, Plainsboro 

ScHEPS, ALFRED, Scheps Cheese Co., 76 
2nd St., E. Paterson 

SWANSON, R. W., Stonleigh Park, West- 
field 

TERWILLEGER & WAKEFIELD, INC., 1208 
E. Ridgewood Ave., Ridgewood 

TOMPKINS, L. J., Packanack Lake 

Vert., Fr. Dix 

VeT., RARITAN ARSENAL, Netuchen 

VeT., Ft. MONMOUTH 

VeT., CAMP KILMER, New Brunswick 

VET., BELLE MEADE GEN. Depot, Belle 
Meade 

VET., VET. INSPECTION UNIT, HYGRADE 
Food Prod. Corp., 810 Frelinghuysen 
Ave., Newark 5 

WALLACE & TIERNAN Co., INc., New- 
ark 1 

WuiTe Lass., Inc., Special Markets 
Div., 113 N. 13th St., Newark 7 

Witson Dairy Co., N. Y. & Adriatic 
Ave., Atlantic City 


Associate Subscribers: 


THE Pautus Dairy, 191 New St., New 
Brunswick 

THE REED Company, INc., Box 191, 
Bloomfield 
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NEW Mexico 


Members: 
CUNNINGHAM, O. C., Dairy Dept., Col- 
lege of Agr., State College 
JENTGEN, WALTER F., c/o Prices Cream- 
eries, Ine., Portales 
REEVES, CALVIN B., Dairy Dept., N. 
Mex. A & M College, State College 


Subscribers: 

CuARDY’s Darry, 200 E. 5th St., Ros- 
well 

GEN. LipraryY, NEw Mex. A & M CoL- 
LEGE, State College 

VALLEY GOLD Dairigs, INc., P.O. Box 
483, Albuquerque 

VeT., ROSWELL FIELD 


NEw YorK 


Members: 
ALBRECTSEN, RAYMOND R., Rt. 3, Ithaca 
AyrEs, W. E., Dairy Ind. Dept., Cor- 
nell Univ., Ithaca 
BARTSCH, WALTER C., 205 E. 24th St., 
N. Y. 10 
Bayer, A. H., Dir. of Research & Prod., 
Gen. Ice Cream Corp., 710 Eastern 
Ave., Schenectady 
*BEAUTES, Louis J., Ouaquaga 
BEGLEY, KEMP, R.D. 2, Honeoye Falls 
Beur, Harry C., 14 Second St., Delhi 
*BELL, LEwis 8., Interlaken 
BoTWINIK, LEONARD, 1288 10th St., 
Brooklyn 30 
Bow tine, G. A., Strathglass Farm, Port 
Chester 
Brapt, C. G., Animal Husb. Dept., Cor- 
nell Univ., Ithaca 
BRADWAY, ELIZABETH M., Borden Lab., 
600 N. Franklin St., Syracuse 
BRANDT, GRAYDON W., Dept. of Animal 
Husb., Cornell Univ., Ithaca 
BRATTON, Rost. W., Animal Husb. Dept., 
Cornell Univ., Ithaca 
BREED, RoserT S., Agr. Expt. Sta., 
Geneva 
BRERETON, J. G., Sheffield Farms Co., 
Inc., 524-28 W. 57th St., N. Y. 19 
BRownELL, 8. J., Animal Husb. Dept., 
Cornell Univ., Ithaca 
Brownine, R. A., Park & Pollard Co., 
356 Hertel St., Buffalo 
BuuMER, L. C., Sealtest, Inc., 230 Park 
Ave., N. Y. 17 
BuRKE, JAMES D., Rt. 4, Ithaca 
BURRELL, Loomis, ¢/o Cherry-Burrell 
Corp., Little Falls 
*CAMERON, COURTNEY J., c/o Interstate 
Creamery, 212 E. Utica, Buffalo 
*CARNEY, PAUvL E., 425 W. 57th St., N. Y. 
*CARTER, WILMOT, R. Rt. 4, Ithaca 
*CLAPP, ELMER E., JR., N. Y. State Agr. 
& Tech. Inst., Canton 
CLARIN, Davip X., e/o Oakite Prod. Inc., 
22 Thames St., N. Y. 6 
CLEAVELAND, CHARLES, 66 Washington 
St., Binghamton 
COHEN, HAROLD, 28 Oakman St., Roches- 
ter 5 
CoHEN, IsAAc, 7601 Myrtle Ave., Brook- 
lyn 27 


CoLLIns, MerRvyN A., Collins Dairy & 
Foods Labs., Dryden 
CorDES, WILLIAM A., Sealtest, Inc., 230 
Park Ave., N. Y. 17 
CRANDALL, W. T., N. Y. State Agr. Col- 
lege, Cornell Univ., Ithaca 
DAHLBERG, A. C., Cornell Univ., Ithaca 
DAvIsoNn, R. O., 31 Nassau St., N. Y. 5 
DeTJEN, Gustav H., 303 W. 42nd St., 
N. ¥. 38 
DETWILER, B. H., The Borden Company, 
350 Madison Ave., N. Y. 17 
DvuBIN, ABRAHAM J., 336 W. End Ave., 
N. Y. 23 
Eastwoop, H. S., De Laval Separator 
Co., 165 Broadway, N. Y. 6 
*ELDRIDGE, FRANKLIN, Wing Hall, Cornell 
Univ., Ithaca 
Faust, Howarp P., 23 Roetzer St., Buf- 
falo 11 
Ferrari, C, G., Standard Brands, Inc., 
595 Madison Ave., N. Y. 22 
FisH, Mitton H., South Edmeston 
Foote, Ropert H., Animal Husb. Dept., 
Cornell Univ., Ithaca . 
FREIDMAN, AARON, 327 Central Park 
West, Apt. 5E, N. Y. 25 
FreNcH, C., French Farms 
Dairy, Minetto 
GARVIN, VicTOR C., 1 Waverly Pl., Al- 
bany 3 
GAvIN, JOSEPH S., Gavin Dairy Lab., 200 
Stockbridge, Buffalo 15 
GiumorE, L. N., 1009 Chamber of Com- 
merce Bldg., Buffalo 
*GRAHAM, RUSSELL A., 146 Brampton 
Rd., Syracuse 
*GREZE, J. P., e/o Oakite Prod. Inc., 22 
Thames St., N. Y. 6 
GURDIAN, MAx, 114 Cobb St., Ithaca 
HAMILTON, GEORGE B., 505 5th Ave., 
Room 900, N. Y. 17 
HAMLIN, FRANK H., Papee Machine Co., 
Shortsville 
HAnpD, Davip B., Sheffield Farms Co., 
Inc., 524 W. 57th St., N. Y. 19 
HARMON, E. M., c/o Natl. Dairy Council, 
437 5th Ave., N. Y. 16 
Harris, THEODORE WmM., Hinman Milk- 
ing Machine Co., Inc., Oneida 
*HEIMAN, VICTOR, Kasco Mills, Inc., 
Waverly 


| 


CIRCULATION OF THE JOURNAL 


HENING, J. C., N. Y. State Agr. Expt. 
Sta., Geneva 

HERRINGTON, B. L., Dairy Ind. Dept., 
Cornell Univ, Ithaca 

HERTWIG, RAYMOND, The Borden Co., 
350 Madison Ave., N. Y. 17 

HESSELSCHWERDT, FRED H., Coop. G. L. 
F. Mills, Ine., Buffalo 

HitEMaN, J. L., Dairymen’s League, 810 
Burnett, Syracuse 

RoBert F., Dairy Dept., Cor- 
nell Univ., Ithaca 

Hopson, GEORGE H., South Rd., Mill- 
brook 

Hoynak, P. X., c/o Refined Syrups & 
Sugars, Inc., Vark St., Yonkers 

HuBBELL, BRUCE, JR., 5101 39th Ave., 
Apt. L-35, Long Island City 4 

JANSEN, J. F., 1 Union St., Oneonta 

JOHNSON, MAURICE M., 103’E. York 8t., 
Ithaca 

JongEs, FrAnK L. SEYMOUR, c/o The Bor- 
den ‘Company, 350 Madison Ave., N.Y. 
17 

Jupxins, H. F., 230 Park Ave., N. Y. 

KERN, CLYDE fs 11 W. 42nd St., 21st 
Floor, 18 

*Kiepa, ApAM, 341 Washington Ave., 
Oneida 

KISSEN, BENJAMIN, Hygrade Food Prod. 
Corp., Thirty Shureh 2.7 

KwnaysI, GEORGE, Dairy Ind. Bldg., Cor- 
nell Univ., Ithaca 

Koerver, C., 524 Waverly Ave., Brooklyn 

KosIkowsky, FRANK V., Dairy Bldg., 
Cornell Univ., Ithaca 

KRATZER, CARL R., Borden Co., Areade 

Kravitz, MAx, 163 N. Main St., Canan- 
daigua 

Krukovsky, V. N., Dept. of Dairy Ind., 
Cornell Univ., Ithaca 

LAMB, LELAND W., 213 E. Seneca St., 
Ithaca 

Lazarus, N. E., 266 Bryant St., Buf- 
falo 9 

*LEBER, HENRY, 810 Burnett Ave., Syra- 
cuse 

LEHMKUHL, HENRY, 73 Howell St., 
Rochester 

LeviITAN, MEYER, Box 306, Rt. 1, Tona- 
wanda 

List, W. H., Assn. of Ice Cream Mfgrs., 
Hotel Pennsylvania, 7th Ave., N. Y. 

*LOFGREEN, G. P., Animal Nut. Lab., Cor- 
nell Univ., Ithaca 

Loosul, J. K., Animal Nutr. Lab., Cor- 
nell Univ., Ithaca — 

LUNDSTEDT, ERIK, 19 Delta Place, Goshen 

Marcu, RIcHARD, The Knoll, c/o A. H. 
Treman, Ithaca 

MarcussEN, W. H., The Borden Co., 350 
Madison Ave., N. Y. 17 

Marquarpt, J. C., 14 Maxwell Ave., 
Geneva 
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Masvurovsky, B. I., 2784 Morris Ave., 
Bronx 58 

MAynarpD, L. A., U. S. Nutr. Lab., Tower 
Rd., Cornell Univ., Ithaca 

McCuHEsneEy, E. R., Fairmont Foods 
Co., Buffalo 

McKinney, W. B., The Borden Co., 350 
Madison Ave., N. Y. 17 

MERRILL, Howarp J., Alfred 

MonraD, Karu J., Chr. Hansens Lab., 
Ine., Little Falls 

Mook, D. E., 32 Secor Rd., Scarsdale 

Morrison, F. B., Animal Husb. Dept., 
Cornell Univ., Ithaca 

*MorRISON, SPENCER H., 409 Highland 
Rd., Ithaca 

MUSHER, SIDNEY, 250 W. 57th St., N. Y. 
19 


Myers, E. M., N. Y. School of Agr., 
Alfred 

NAytor, H. B., Dairy Ind. Dept., Cornell 
Univ., Ithaca 

NEwMAN, P. E., Beacon Milling Co.,. 
Cauyga 

Norris, L. C., Rice Hall, Cornell Univ., 
Ithaca 

NorTH, CHARLES E., 23 E. 26th St., N. Y. 

Norton, CHARLES L., Animal Husb. 
Dept., Ithaca 

OweEN, THomAs Special Prod. Div... 
The Borden Co., 350 Madison Ave., 

PALEY, CHARLES, c/o Certified Labs., 
Inc., 19 Hudson St., N. Y. 13 

PAYNE, IRA G., Box 1259, Albany 

Pincus, SOL, 225 W. 86th St., N. Y. 

PLETCHER, F. H., Long Island Agr. & 
Tech. Inst., Farmingdale 

Powers, A. 3. Bordens Farm Prod. Co., 
Ine., Lab. Dept., 90 Third Ave., Brook- 


lyn 
ARTHUR B., 620 12th Ave., 


ieee WALDO W., Mt. Sinai 

REGAN, 3. Gen. Dairy Service 
Corp., 1231 Gray Ave., Utica 

*RICHARDS, CLYDE R., Wing Hall, Cornell 
Univ., Ithaca 

ROBERTSON, A. H., Dir. of Food Lab.,. 
N. Y. State Dept. of Agr., State Office- 
Bldgs., Albany 

Ross, HARRY ALBERT, Bureau of Econ... 
The Borden Co., 350 Madison Ave.,. 

ScHAEFER, O. G., Room 2304, 420 Lex-- 
ington ‘Ave., 

SCHNEIDER, KILIAN, Grandview Dairy, 
Ine., Arkport 

SEMLER, EDWIN L., Churchville 

SHERMAN, J. M., Dept. of Dairy Ind.,° 
Cornell Univ., Ithaca 

SHIVELY, B. E, 85-40 Parsons Blvd., 
Jamaica, Long Island 
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Smira, C. A., Special Prod. Dept., Stand- 
ard Brands, Ine., 595 Madison Ave., 
N. Y. 22 

*SPALDING, ROBERT W., Dept. of Animal 
Husb., Cornell Univ., Ithaca 

SPIELMAN, ARLESS, Dept. of Animal 
Husb., Cornell Univ., Ithaca 

Srark, C. N., Dairy Bldg., Cornell Univ., 
Ithaca 

Stover, Oscar H., Hubbard Road, East 
Aurora 

STRACHAN, R. C., 89 East Ave., 9th 
Floor, Rochester 

Supper, G. C., Supplee Research 
Corp., Bainbridge 

*Swanson, W. J., Distillation Prod., Inc., 
755 Ridge Road West, Rochester 13 
*TartBy, G. W., Animal Husb. Dept., 

Cornell Univ., Ithaca 

TAvuB, JOEL, 40 E, 17th St., Brooklyn 26 

THompson, C. E., The Borden Co., 15 
Renwick St., N. Y. 

THompson, E. C., 1792 East 22nd St., 
Brooklyn 

TIEDMAN, WALTER VON DOHLEN, 10 Lin- 
coln Ave., Delmar 

TsARKS, Epwarp A., 52 Main St., Port 
Washington, Long Island 

TRIMBERGER, GEORGE W., Animal Husb. 
Dept., Cornell Univ., Ithaca 

TuRK, KENNETH L., Dept: of Animal 
Husb., Cornell Univ., Ithaca 

VANDEMARK, Noutan L., Animal Husb. 
Dept., Cornell Univ., Ithaca 

VAN STRANDER, FREDERIC, 110 Stone St., 
Onedia 

VoRPERIAN, JOHN H., 117 Park Lane 
South, Kew Gardens, Long Island 

Watuis, G. C., Special Prod. Dept., 
Standard Brands, Ine., 595 Madison 
Ave., N. Y. 22 

WATERHOUSE, T. P., JR., Bellevue Dairy, 
729 Broadway, Schenectady 

Wesster, H. G., JR., 63-50-83 Place, 
West Forest Hills . 

WEINBERGER, RoreErT I., 951 Carroll St., 
Brooklyn 

WEISSMAN, D. M., 36-48 34th St., Long 
Island City 

WENTWorRTH, W. A., c/o The Borden 
Company, 350 Madison Ave., N. Y. 17 

West, GeEorGE A., Rochester Health 
Bureau, 44 Marshall St., Rochester 2 

Waits, JAMEs C., Dairy Bldg., Cornell 
Univ., Ithaca 

*WILLIAMS, ALEXANDER W., Room 1701, 
350 Madison Ave., N. Y. 17 

WittMAN, H. A., Animal Husb. Dept., 
Cornell Univ., Ithaca 

Witson, Locan T., The Borden Co., 350 
Madison Ave., N, Y. 17 

Winning, Ross J., 524 W. 57th St., N. 
Y. 19 


Subscribers: 


ADLER’s CREAMERY, INC., 103 Bruchner 
Blvd., Bronx 54 

AGRICULTURAL INDEX, 950 Univ. Ave., 
N. Y. 52 

AGronoMy DeptT., Caldwell Hall, College 
of Agr., Ithaca 

AMERICAN SEAL-KAp Corp., 1105 44th 
Dr., Long Island City 

Baker, F. C., Tykor Prods., Ine., 350 
Madison Ave., N. Y. 17 

BALDWIN & STRACHAN, INC., 374 Dela- 
ware Ave., Buffalo 

BENTON-BOWLES, INCc., 444 Madison Ave., 

BIRDSEYE-SNIDER Div., 162 S. Main St., 
Albion 

ee Bros., 45 Hubert St., N. 

. 13 

BuFFraLo PuBLic Liprary, Order Dept., 
Buffalo 3 

CARPENTER, C. M., Dept. of Bact., Strong 
Memorial Hosp., Rochester 

CHIEF, VET. SECTION, PuBLIC HEALTH 
Branco, IA & G Div., O.M.G.US., 
A.P.O. 742, c/o P.M., N. Y. 

CoHN, WM., Jersey Milk & Cream Co., 
La Fargeville 

CoLUMBIA UNIV. LisrARIES, SouTH HALL, 
Columbia Univ., N. Y. 27 

Apvv., INc., 630 Fifth Ave., N. 

. 20 

CoRNELL UNIv., Animal Husb. Dept., 
Ithaca 

CROWLEY’s MILK Co., INc., Binghamton 

CUMBERLAND Dairy Prop. Co., 535 Carl- 
ton Ave., Brooklyn 15 

DAIRYMEN’s LEAGUE Coop. Assn., INC., 
Poughkeepsie 

Der LAVAL SEPARATOR CO., 165 Broadway, 
2 

Dept. oF LAB, & RESEARCH, City Hall, 
Mt. Vernon 

Div. or LABS. AND RESEARCH, N. Y. State. 
Dept. of Health, New Scotland Ave., 
Albany 1 

DONAHUE & CoE, INc., 1270 Sixth Ave., 

DovueLas, FLoyD, 230 W. 14th St., 
mira Heights 

ERWIN WASEY & Co., 420 Lexington Ave., 

FALIVENE, PHILIP, Lucille Farm Prod., 
Castle Hill Ave., Bronx 61 

FARRELL, DonatD L., K & F Farm, 
R.F.D. 1, Chittenango 

FIELD SANITATION LaB., N. Y. STATE 
Dept. oF HEALTH, 295 Oak St., Buf- 
falo 3 

FIscHer, Frep H., Steffan’s Dairy, 105 
Hamilton St., Buffalo 

FLEISCHMAN LABS., 810 Grand Con- 
course, N. Y. 
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FLOWER VETERINARY LIBRARY, James 
Law Hall, Cornell Univ., Ithaca 

Foop REsEaRcH LaBs., INc., 48-14 33rd 
St., Long Island City 1 

GEN. Ick CrEAM Co., 710 Eastern Ave., 
Schenectady 

GEN. MILK Co., INc., 19 Rector St., N. 

GRUSHKIN, Mrs, PHILIP, 56 7th Ave, 
New York 11 

HANSEN’S, CHR., LAB., 115 Broadway, 


2.6 

HERRICK, L. E., ¢/o Cloverdale Farms Co., 
Binghamton 

Huust, Epwarp M., Box 202, North 
Lawrence 

INDUSTRIAL DiIv., WINTHROP CHEM. CoO., 
Inc., 1450 Broadway, N. Y. 18 

IoDINE EDUCATIONAL BUREAU, INC., 120 
Broadway, N. Y. 5 

JENNINGS, P., Library, Exp. Sta., Geneva 

Krart Foops Co., N. Y. 

LEDERLE LABs., American Cyanamid Co., 
Pearl River 

LIBRARY, NATL, ANILINE DIv., ALLIED 
CHEM. & Dye Corpr., 1051 8. Park Ave., 
Buffalo 5 

Liprary, THE N. Y. ACADEMY OF MED., 2 
East 103rd St., N. Y. 29 

Liprary, N. Y. STATE COLLEGE or AGR., 
Ithaca 

LIBRARY, STANDARD BRANDS, INC., 595 
Madison Ave., N. Y. 22 

Liprary, TAYLOR INSTRUMENT Co., P.O. 
Box 110, Rochester 1 

LIBRARY, WALLERSTEIN Co., INc., 180 
Madison Ave., N. Y. 16 

LIBRARY OF THE MED. Society, CouNTY 
or KinGs, 1313 Bedford Ave., Brooklyn 

LITHUANIAN LITERARY ASSN., 46 Ten 
Eyck St., Brooklyn 6 

LogeMAN, C. W., Co., 50 Church St., N. 

Lowe Corp., 601 W. 26th St., N. Y. 

MAcDONNELL, H. R., Quaker Maid Co., 
Inc., 420 Lexington Ave., N. Y. 

MARKET ADMINISTRATOR, 205 E. 42nd 
St., N. ¥. 27 

McGraw-Hi.u Pus. Co., INc., Food Ind. 
Dept., 330 W. 42nd St., N. Y. 18 

McMILLAN, W. D., Dir. of Research, 
Coop. G.L.F. Exch., Inc., Terrase Hill, 
Ithaca 

MEeEpiIcAL MILK CoMMIssIoNs, INC., 1265 
Broadway, N. Y. 

MuniciIpAL REFERENCE LIBRARY, 2230 
Municipal Bldg., N. Y. 

NEAR’s Foop Co., INnc., P.O. Box 1039, 
Binghamton 

NESTLE’s MILK Prop. INc., Attn: Mr. 
A. A. Scott, 155 E. 44th St., N. Y. 17 

N. Y. Goop Humor, Inc., 46-81 Metro- 
politan Ave., Brooklyn 6 

N. Y. Pusiic Lrprary, Fifth Ave. & 42nd 
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N. Y. State Aer. & TEcuH. Inst., Dairy 
Dept., Canton 

N. Y. State Dept. of HEALTH, Bureau 
of Milk Sanitation, 22nd Floor, State 
Office Bldg., Albany 1 

N. Y. State Liprary, Albany 1 

PrizER & Co., 84 Maiden Lane, N. Y. 7 

PIONEER IcE CREAM BRANDS, INC., Gouv- 
erneur 

PuLaTT-ForBEs, INc., 385 Fourth Ave., 
N. Y. 16 

Prescott, M. S., Editor, 
Friesian World, Lacona 

RILEY, EDWARD, 1775 Broadway, N. Y. 19 

Rockwoop & Co., 88 Washington Ave., 
Brooklyn 5 

Ronpout Corp., Accord 

Rowe, L. A., Dairymen’s League, 555 St. 
Paul St., Box 909, Rochester 3 

SABEL, SAMUEL, 60 Grammercy Park, 
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BraNnyon, Henry E., 1204 N. Main St., 
Anderson 


DANTZLER, JOHN W., Eutawville 

Hiers, JESSE C., c/o County Agent’s 
Office, Anderson 

IRWIN, WILLIAM F., Newberry Coop. 
Creamery, Newberry 

LyLE, JOHN W., Dairy Dept., Clemson 
Agr. College, Clemson 

PittarD, LINTON, JR., 63 Ellis Ave., 
Orangeburg 

SPEARMAN, WALTER C., Dairy Dept., 
Clemson Agr. College, Clemson 

STANEK, BERNARD J., c/o J. C. Ragin, Rt. 
4, Columbia 

Srroup, LAWRENCE E., Great Falls 


SoutH DAKOTA 


Members: 
BREAZEALE, D. F., Dairy Husb. Dept., S. 
Dak. State College, Brookings 
Cave, R, A., S. Dak. State College, Brook- 
ings 
EpWarDs, WILLIAM CHARLES, Tyndall 
Haines, A. L., R. R. 2, Box 44, Rapid 
City 
KELLY, P. L., Dairy Dept., State College 
. Station, Brookings 
Trtey, J. L., 122 3rd St., Brookings 
Torman, C. C., Dairy Dept., 8. Dak. State 
College, Brookings 


Subscribers: 


Liprary, UNIV. or 8. DAK., Vermillion 

LINCOLN MEMORIAL LisRARy, S. Dak. 
State College, Brookings 

Sioux SAEs Co., P.O. Box 801, Sioux 
Falls 

Vet., Rapip City A.A.B., Rapid City 


Student Affiliate: 


ScHock, ALVIN A., Dairy Dept., S. Dak. 
State College, Brookings 


TENNESSEE 


Members: 
Brew, JAMEs D., 2023 Terrace Ave., 
Knoxville 
*CARRINGER, HERMAN N., Dairy Dept., 
Univ. of Tenn., Knoxville 
CoLEBANK, L. O., Agr. Ext. Serv., Univ. 
of Tenn., Knoxville 
CoPELAND, LYNN, Agr. Ext. Office, Univ. 
of Tenn., Nashville 
DeTcHUM, CHARLES, Southern Dairies, 
Ine., Knoxville 
Duncan, E. C., Foremost Dairies, Inc., 
Box 559, Bristol 
FRIEND, L. F., 1497 Union Ave., Unit 4, 
Memphis 
GARRECHT, HUBERT, Kline Bros. Dairy, 
2469 Summer Ave., Memphis 
Harrison, THos. B., College of Agr., 
Univ. of Tenn., Knoxville 
HERVEY, MARSHALL C., Dairy Husb. 
Dept., Univ. of Tenn., Knoxville 
Hutton, C. A., Agr. Ext. Serv., P.O. Box 
1071, Knoxville 
Lus8, R. H., Dairy Dept., Univ. of Tenn., 
Knoxville 16 
*Mappox, JAMEs N., Middle Tenn. Expt. 
Sta., Columbia 
Narve, J. B., Beverly Hills Sanatorium, 
Knoxville 
OvercAsT, Wooprow W., Dairy Industry 
Dept., Univ. of Tenn., Knoxville 


REcorD, P. R., c/o Security Mills, Knox- 
ville 

Rogers, L. R., Lashbrooke Farms, Louis- 
ville 

Swanson, Eric W., Dairy Dept., Univ. 
of Tenn., Knoxville 

WvulrE, C. E., Dairy Dept., Univ. of 
Tenn., Knoxville 


Subscribers: 


Aar. LIBRARY, UNIV. oF TENN., Knoxville 

AmorT, A. L., Cotton State Bldg., Nash- 
ville 3 

Liprary, A & I STATE COLLEGE, Nashville 

LIBRARY, UNIV. OF TENN., Knoxville 16 

Moon, R. S., Campbell Rd., R. R. 1, Madi- 
son 

TAYLOR, CLEO C., 3208 Sutherland Ave., 
Knoxville 

TucKER, J. MAcK, Editor, Ferris Hall, 
Univ. of Tenn., Knoxville 16 

VET., MEMPHIS ARMY SERVICE FoRcES 
DEPOT, Memphis 2 

Vet., 554TH A.A.F. BASE UNIT, Memphis 

VeT., SMyRNA A.A.F., Smyrna 

VET., MEMPHIS GEN. DEPOT, Memphis 


Associate Subscribers: 


ANTHONY PURE MILK Co., INc., 504 
Woodland St., Nashville 6 
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LmarNeD, L. N., Clover Farm Dairy, Wal- 
nut & Beale Sts., Memphis 


Student Affiliates: 
ADAMS, Roy, Dairy Dept., Univ. of Tenn., 
Knoxville 
CHILDERS, WILTON, Dairy Dept., Univ. of 
Tenn., Knoxville 
Hinton, FRANK, Dairy Dept., Univ. of 


TEXAS 


Tenn., Knoxville 
Members: 
Bury s, CHARLES F., 1400 E. Houston, 
Sherman 
DARNELL, A. L., Tex. A & M, College Sta- 
tion 


EISENSTEIN, PHILIP PIERCE, 2314 South 
Blvd., Dallas 
Fine, N. C., Tex. Tech. College, Animal 
Husb. Dept., Lubbock 
FrANciIsco, CARL, P.O. Drawer 36, 
Austin 1 
Gipson, G. G., Ext. Dairyman, College 
Station 
HANKINSON, D. J., Dairy Husb. Dept., 
Tex. A & M, College Station 
HARMON, LAURENCE G., Dept. Dairy 
Manufactures, Tex. Tech. College, Lub- 
bock 
Heep, HERMAN F., Heep Jersey Farms, 
Buda 
HomevyeEr, W. C., Arrow Mills, Ine., P.O. 
Box 3012, Houston 1 
JOHNSTON, J. B., 506 Carolyn Ave., Aus- 
tin 21 
J. P., Eastland Creamery, 
Eastland 
LEIGHTON, R. E., Dairy Dept., Tex. A & 
M, College Station 
LivELy, JAcK, B'uff View Farm, North 
West Highway, Dallas 
MADDEN, FRED, 637 Hill St., Grand 
Prairie 
METzGER, JAcoB, P.O. Box 899, Dallas 1 
Moorg, A. V., Dairy Dept., Tex. A & M, 
College Station 
*PEARSON, P. B., Nutr. Lab., Tex. A & M, 
College Station 
PEDERSON, ¢/o Prices Creameries, Inc., 
El Paso 
Prick, Ropert B., Prices Creameries, Inc., 
* P.O. Box 1572, El Paso 
PRICHARD, ARTHUR, The Borden Co., 
Amarillo 
REED, W. W., John Tarleton College, 
Stephenville 
RicHarps, L., JR., Hygeia Milk 
Co., Harlingen 
Ross, Noet N., Production Mgr., Carna- 
tion Co., Box 914, Houston 1 
Romine, J. A., Snowflake Creamery, Cle- 
burne 
Rupet, I. W., Dairy Husb. Dept., Tex. A 
& M, College Station 


LipPARD, JAMES F., Box 4281, Univ. of 
Tenn., Knoxville 

Lusk, JoHN W., Box 694, Jr. College 
Sta., Martin 

PLUNKETT, TRAVIS, 707 15th St., Knox- 
ville i 

Rust, H. K., 947 Hill St., Bristol 

Witey, LANcE, 1007 Circle Park, Knox- 
ville 


SHEPARDSON, C. N., Dairy Husb. Dept., 
Tex. A & M, College Station 

Von RosEnNBERG, SAM E., La Grange 

WILLINGHAM, J. J., Meadolake Food, 
Inec., Sherman 


Subscribers: 


Bok, Rosert H., 300 North Crowdus S8t., 
Dallas 1 

BorDEN Co., 1801 Leonard St., Attn: N. 
W. Lamb, Dallas 

CARNATION, Co, oF TEX., Wichita Falls 

Liprary, TEx. A & M, College Station 

LisrARY, MED. BRANCH, UNIV. OF TEX., 
Galveston 

Liprary, NortH TEx. AGR. COLLEGE, Ar- 
lington 

LipRARY, STEPHEN F. AUSTIN STATE 
TEACHERS COLLEGE, Nacogdoches 

MALIN, VicTor F., JR., Box 152 W, Rt. 
1, Dickinson 

Minos, J. M., JR., Box 687, Big Sandy 

Morrow, A. D., JRr., Rt. 2, Wortham 

N. Texas STATE TEACHERS COLLEGE, LI- 
BRARY, P.O. Box 5189, Denton 

PENN, FRED, 4400 Preston Rd., Dallas 

LIBRARY, Ft. Worth 

Rasas, JorGE, P.O. Box 1029, College 
Station 

SaLmon, R. L., Box 1692, Pampa 

SERIALS ACQUISITIONS, UNIV. or TEx. 
Liprary, Austin 12 

SoutH TExAs CoTTon Co., Box 337, 
Houston 

StaTE DEPT. OF HEALTH, BUREAU OF 
Lass., 305 E. 5th St., Austin 2 

Texas AGr. Expt. STA., Div. of Dairy 
Husb., Tex. A & M College, College 
Station 

TExAs TECH. COLLEGE, LIBRARY, Lubbock 

TRANSIT GRAIN & COMMISSION Co., Chief 
Laboratory Dept., Ft. Worth 

VeT., H.Q. FourtH ARMY, Ft. Sam Hous- 
ton 

VET., Fr. BLiss 

VeET., CAMP Hoop 

Vet., Fr. Sam Houston 

Vet., A.A.F. MILITARY TRAINING CENTER, 
San Antonio 

VeET., BERGSTROM FIELD, Austin 

VeT., Ft. CROCKETT 

Vet., KELLY FIELD 

VeET., RANDOLPH FIELD 
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Vet., Fort WortH A.A.F., Ft. Worth 

Vet., H.Q. SOUTHWESTERN REMOUNT 
AREA, San Angelo 

VetT., Ft. WorTH Q.M. Depot, Ft. Worth 

VeET., Q.M. MARKET CENTER, Produce 
Terminal Bldg., 1201 Jones St., Ft. 
Worth 2 

Vet. SECTION, FourtH ARMY AREA MED. 
Las., Officer in Charge, Brooke Army 
Med. Center, Ft. Sam Houtson 

W. R. Banks Liprary, Prairie View 
Univ., Prairie View 


Student Affiliates: 
ALLEN, GEORGE ToM, Olton Rt., Plainview 
ASH, JOHN, 3110 21st St., Lubbock 
BALL, R. V., Box 503, Junction 
BESHEARS, WILLIAM G., 2302 14th St., 
Lubbock 

CARDWELL, JOE T., Box 1, Vera 
CHAPMAN, W. E., P.O. Box 564, Wichita 
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GROBECK, Don, 816 Waugh Dr., Houston 

HarRvuFF, CHARLES L., Box 1023, Dalhart 

Hosack, NorMAN, Box 827, Colorado City 

HowELL, J. M., 308 Waco Ave., Lubbock 

Hyer, Harowp R., c/o Carnation Milk 
Co., Schulenburg 

LEHMAN, R. N., JR., 2525 Summer S&t., 
Waco 

LITTLE, WALTER B., Rt. 1, Muleshoe 

LovELEss, LUTHER, Box 275, Friona 

Marcu, DENVER C., Dairy Husb. Dept., 
Tex. A & M College, College Station 

Price, RoBERT B., JR., Box 2764, College 
Station 

RENNER, KENNETH R., 2912 20th St., 
Lubbock 

ScHwarz, Henry B., Rt. 5, Lubbock 

SmiTH, DonaLp L., 302 W. Harris Ave., 
Apt. 10, San Angelo 

TAYLOR, FRANK W., JR., Dairy Dept., 
Tex. A & M College, College Station 

WILLIS, ALBERT, 2312 14th St., Lubbock 


Falls 
GARDNER, DUKE, 316 Harvard St., Hous- 
ton 
UTAH 
Members: Subscribers: 


ANDERSON, H. D., Ephraim 

BATEMAN, GEORGE Q., Utah State Agr. 
College, Logan 

CaInE, GEORGE B., Utah State Agr. Col- 
lege, Logan 

Curtis, L. R., 2184 Oneida St., Salt Lake 
City 5 

HARDELL, RoBerT, Smithfield 

Hoskisson, W. A., 952 Windsor St., 
Salt Lake City 4 

Lams, D. O., Box 2490, Salt Lake City 14 

Morris, A. J., Dairy Husb. Dept., Utah 
State Agr. College, Logan 

OapEN City AvupiTor, City County Bldg., 
Ogden 

Ricu, Lyman A., Ext. Serv., Utah State 
Agr. College, Logan 


BriGHAM YOUNG UNIVERSITY, Anna Oller- 
ton, Library Bldg., Upper Campus, 
Provo 

DizikeEs, J. L., 158 E. 2nd S., Salt Lake 
City 

Krusi, Jacos, ¢/o Cache Valley Dairy 
Assn., Smithfield 

LiBRARY, BRANCH AGR. COLLEGE OF UTAH, 
Cedar City 

UTAH AGrR. COLLEGE Liprary, Logan 

Vet., Fr. DouGLas 

VeT., UTAH GEN. Depot, Ogden 


Student Affiliates: 
GREEN, WAYNE, Apt. N 17, Thatcher 
Bldg., Logan 
NELSON, Wooprow E., Roosevelt 


VERMONT 


Members: 
BRADFIELD, ALEX, 210 Loomis St., Bur- 
lington 
BreMER, Harry E., Dept. of Agr., State 
House, Montpelier 
CaMBURN, O. M., Vt. Agr. Expt. Sta., 
489 Main St., Burlington 
L. L., Morrisville 
ConkKLIN, C. T., Secy., Ayrshire Breeders 
Assn., Brandon 
ELLENBERGER, H. B., Univ. of Vt., Bur- 
lington 
FRAYER, JAMES M., Vt. Agr. Expt. Sta., 
489 Main St., Burlington 
*LEarNyY, W. P., 27 School St., Burlington 
LOVELAND, E. H., 489 Main St., Burling- 
ton 


*MacCurpy, RoBErT D., Dairy Dept., Univ. 
of Vt., Burlington 

NEWCITY, GLADWYN, 16 Henry St., Bel- 
low Falls 

NEWLANDER, J. A., Univ. of Vt., Bur- 
lington 

Norton, H. W., Jr., Secy., Holstein- 
Friesian Assn. of America, Brattleboro 

*PIERCE, DONALD C., 29 Dewey St., Rich- 
ford 

STILES, ALBERT H., 32 Proctor Ave., S. 
Burlington 

WARNER, WILLIAM K., 96 Colchester Ave., 
Burlington 


Subscribers: 
ALpRICHO, LLoyD E., Davis Feed Co., Rut- 
land 
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HOLSTEIN-FRIESIAN ASSN. OF AMERICA, 
Brattleboro 

MirABELLA, ANTHONY B., 15 Union St., 
Northfield 

UNIVERSITY LisRARY, UNIV. OF V1., Bur- 
lington 


Univ. or Vt. & STaTE AGR. COLLEGE, 
Burlington 


Student Affiliate : 


Pratt, JOHN H., JR., R.F.D., North 
Clarendon 


VIRGINIA 


Members: 

ARMSTRONG, W. H., Va. Poly. Inst., 
Blacksburg 

ARRASMITH, JAMES F., Box 630, Alex- 
andria 

Bowman, A. W., Coble Dairy Prod., 
South Boston 

Bussey, J. C., Southern Dairies, Rocky 
Mt. 

CoNNELLY, R. G., Dairy Dept., College 
of Agr., Blacksburg 

Craun, H. W., Rt. 3, Roanoke 

Dickson, R. W., Secy., State Milk Com- 
mission, 1203 E. Broad St., Richmond 
19 

Emery, H. J., 1737 Queens Lane, Ar- 
lington 

Fora, CARROLL C., Dairy Bldg., Va. 
Poly. Inst., Blacksburg 

GraF, G. C., Va. Poly. Inst., Blacksburg 

GREENBANK, GEORGE R., 632 24th St., S., 
Arlington 

Greee, V. L., Rt. 5, Box 249, Alexandria 

HASTINGS, WALDON H., Lindsey-Robin- 
son & Co., Ine., Roanoke 3 

HERRMANN, Louis F., 877 N. Abingdon 
St., Arlington 

Houipaway, C. W., Dairy Husb. Dept., 
Va. Poly. Inst., Blacksburg 

KENNEDY, G. 8., Municipal Bldg., Roan- 
oke 11 

Kri1u, I. R., Southern Maid, Inc., Bristol 

Ma tory, T. E., Bland 

MarTHeER, R. E., Dairy Husbandman, Va. 
Agr. Expt. Sta., Blacksburg 13 

Miter, W. C., Garst Bros. Dairy, Roan- 
oke 

Ommopt, B. J., 2702 Valley Dr., Alex- 
andria 

Pomeroy, C. J., JR., Cedar Spring Farm, 
Quinton 

Reaves, P. M., Va. Poly. Inst., Blacks- 
burg ‘ 

RENNIE, FRANK F., Jr., 1810 W. Main 
St., Richmond 

TRELOGAN, Harry C., 6025 N. 18th St., 
Arlington 

WEIRETHER, FRANCIS J., Research Lab., 
Merck & Co., Ine., Elkton 


WriGcHT, DEAN A., Ninovan Farms, Gor- 
donville 


Subscribers: 


FARMERS CREAMERY Co., Fredericksburg 

HUNTINGTON LipraRy, Hampton Inst., 
Hampton 

JOHNSTON MEMORIAL LIBRARY, Va. State 
College, Petersburg 

LIBRARY, MED. COLLEGE OF VA., Richmond 
19 


LUEBBEN, C. G., R.F.D. 1, McLean 

RicHMoND Dairy Co., 314 N. Jefferson 
St., Richmond 

ScHoon or Acr., Hampton Inst., Hamp- 
ton 

Va. Poty. INnst., Agr. Expt. Sta., Branch 
Library, Blacksburg 

VeET., OFFICE OF THE SurGEON, H.Q. 
TACTICAL AIR COMMAND, Langley Field 

VeT., LANGLEY FIELD, Hampton 

Vet., Ft. BELVOIR 

VetT., Ft. MYER 

Vet., Fr. Eustis 

VetT., CAMP LEE 

Vet., Box 65, Ft. Belvoir 

Depot VET., ALESHIRE Q.M. DeEpoT 
(Remt), Front Royal 

VeET., RICHMOND GEN. Depot, Richmond 

VeT., Q.M. MARKET CENTER, North Blvd. 
& Kelly Rd., Richmond 20 


Associate Sut scribers: 


EpMunNpDs, Pavut C., Mgr., Boston-Fur- 
ham Ice Cream Co., South Boston 

Weaver, A. F., Early Dawn Coop. Dairy, 
Ine., Waynesboro 


Student Affiliates: 


Ayb.LeTT, J. H., 734 Maryland Ave., Nor- 
folk 

BEAZLEY, Earu A., Sparta 

CarTER, HENRY E., Chatham 

CHANCE, CHARLES M., Dairy Dept., Va. 
Poly. Inst., Blacksburg 

Hurr, Lamon A., Dugspur 

Kiser, W. R., JRz., 109 E. Center St., 
Galox 

KENNETH, Benhams 

WorLEY, CHARLES H., Rural Retreat 


WASHINGTON 


Members: 
ANDREWS, GEORGE, 10227 15th N. E., 
Seattle 55 
*AsHworTH, U.S8., State College of Wash., 
Pullman 


Beck, A. J., 1224 N. 45th St., Seattle 3 

BENDIXEN, H. A., Dept. of Dairy Husb., 
State College of Wash., Pullman 

Berry, M. H., Carnation Milk Farms, 
Carnation 
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Boney, M. M., Box 157, Bellingham 

*BowMAN, RALPH, 1727 N. Ledgerwood, 
Spokane 13 

Cong, J. FRANK, Dairy Husb. Dept., 
State College of Wash., Pullman 

Cowan, Rosert, 635 Elliott Ave. W., 
Seattle 99 

DaHLBERG, A. O., 2500 W. Viewmont 
Way, Seattle 99 

EuuineTon, E. V., Ext. Dept., State Col- 
lege of Wash., Pullman 

Ers, R. E., Dairy Husb. Dept., State 
College of Wash., Pullman 

ForpDHAM, WAYNE W., 1728 W. 9th Ave., 
Spokane 9 

GaIsER, J. L., Yakima Dairymen’s Assn., 
Yakima 

GIBERSON, EBERT, Apt. A, 915 S. 3rd St., 
Tacoma 3 

N. 8., Dairy Husb. Dept., State 
College of Wash., Pullman 

Hate, Rosert E., 3801 W. Barton, Seat- 
tle 6 

Hitt, Orto J., Wash. Coop. Egg & Poul- 
try Assn., 201 Elliott Ave. W., Seattle 
99 

JAADAN, PuHiuip N., No. 212, 1405 E. 
40th, Seattle 5 

JANZEN, HaRoup W., Box 391, Vancouver 

Knorr, J. C., Dairy Dept., State College 
of Wash., Pullman * 

Larson, 3823 8. Wilkeson St., 
Tacoma 8 

Lunpquist, Norman S., Dairy Husb. 
Dept., State College of Wash., Pull- 
man 

MacKEnziE, F. B., 111 W. Massachusetts, 
Seattle 4 

Miter, DoNnALD, Apt. 7F, South Fairway 
Apt., Pullman 

Moore, GeorGceE R., Rt. 2, Walla Walla 

Nicnots, M. G., Agr. Ext. Serv., State 
College of Wash., Pullman 

PaLMeER, W. Horace, Box 250, Steila- 
coom 

PuIuirs, J. E., P.O. Box 22, Spokane 

Prouty, C. C., Wash. Agr. Expt. Sta., 
College of Agr., Pullman é 

RUSSELL, JAMES, Kitsap Dairymens 
Assn., P.O. Box 314, Bremerton 

Suaw, A. O., Dairy Husb. Dept., State 
College of Wash., Pullman 

SorRENSEN, ERNEST M., Box 389, Chehalis 

SweEETING, Bert, Medosweet Dairies, 
Tacoma 

TRANMAL, HENRY, 635 Elliott Ave., Seat- 
tle 99 

Ustier, Geo. H., Angeles Coop. 
Creamery, Port Angeles 

WaGENAAR, RAPHAEL, Washtucna 

Watpo, D. R., Mt. Vernon 
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*Witey, Roy M., Ft. Lewis Dairy, Ft. 
Lewis ; 


Subscribers: 


Bureson, K. P., Rt. 1, Box 194, Walla 
Walla 

Foorr, W. W., Librarian, State College 
of Wash., P 

Gitpow, E. M., Carnation Milk Farms, 
Carnation 

GroTH, ARTHUR E., 2429 29th Ave. W., 
Seattle 99 

Kine County HEALTH Dept., 708 County 
Bldg., Seattle 4 

SEATTLE PuBLic LIBRARY, 4th Ave. & 
Madison St., Seattle 4 

Sxacir County DAIRYMENS ASSN., Mt., 
Vernon 

SPOKANE PUBLIC LIBRARY, Spokane 9 

STATE COLLEGE OF WASH., Library, Pull- 
man 

Univ. or WASH., Library, Seattle 

Vet., Ft, LEWIS 

VET., GEIGER FIELD 

Vet., Ft, GEORGE WRIGHT 

VeEtT., SEATTLE GEN. DEPOT, Seattle 

VeET., SEATTLE PoRT OF EMBARKATION, 
Seattle 

VET., Q.M. MARKET CENTER, 1049 South 
Alaskan Way, Seattle 

Vet. SECTION, OFFICER IN CHARGE, 20th 
Mep. LAB., Madigan Gen. Hosp., Ft. 
Lewis 

VeET. SECTION, OFFICE OF THE SURGEON, 
ALASKAN Dept., A.P.O. 492, c/o PM, 
Seattle 


Associate Subscribers: 


BroapDview Dairy Co., 411 Cataldo Ave., 
Spokane 

WILSON, GEORGE W., 1300 Rainier Ave., 
c/o Kristoferson’s Dairy, Seattle 44 


Student Affiliates: 


ApAms, H, M., 104 E. Webb St., Pullman 

AsH, Bitty E., Dairy Dept., State Col- 
lege of Wash., Pullman 

BENNETT, DONALD E., Box 62, McKenna 

Boneiornl, H. J., Rt. 3, Box 304, Ellens- 
burg 

CLARKE, JERRY, Rt. 1, Battle Ground 

CREGER, DONALD D., 6500 S. 154th, 
Seattle 

GuRTLE, GALE G., 956 Federal Bldg., 
Bellingham 

Jones, M. L., 3036 61st Ave. S. W., 
Seattle 

RigHTer, Cyrus H., 1250 MeLadden 
Ave., Chehalis 

THomAS, R. G., Apt. 10-A, South Fair- 
way Apt., Pullman 
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WEST VIRGINIA 


Members: 

BRuUYNEEL, A. L., 620 Gaston Ave., Fair- 
mont 

EpsricgHt, JAMES R., Welch Milk Co., 
Welch 

HEEBINK, GERALD, W. Va. Dairymens 
Assn., Oglebay Hall, Morgantown 

HENDERSON, H. O., College of Agr., 
Morgantown 

Houserr, Leroy, ¢/o Borden Co., 8th Ave. 
& 12th St., Huntington 

Hutcuinson, F., Greenbrier Dairy 
Prod. Co., Lewisburg. 

Hyatt, GEORGE, JR., Dairy Dept., W. Va. 
Univ., Morgantown 

MASTER, DONALD CAMERON, Box 109, 
Clarksburg 

*McCULLOUGH, MARSHALL E., 109 D. St., 
Keyser 

PINSKY, Harry, 57 17th St., Wheeling 

PorRTER, CLYDE C., Lesage 


Prart, AvERY D., 816 College Ave., Blue- 
field 
REEVES, CHARLES V., 54 Monroe S&t., 
Elm Grove, Wheeling 
TYLER, WiLBuR J., Dairy Husb. Dept., 
W. Va. Univ., Morgantown 
Van LANDINGHAM, A. H., Agr. Expt. 
Sta., Morgantown 
WEESE, SAMUEL J., 227 Hagans Ave., 
Morgantown 
Subscribers: 
Liprary, W. VA, UNIV., Morgantown 
VALLEY CREAMERY C0., Sistersville 
Associate Subscribers: 
Gray, L. A., Clarksburg Dairy, Clarks- 
burg 
IMPERIAL Ice CREAM Parkersburg 
Student Affliate: 
HALTERMAN, HENRY J., 409 8S. Oakwood 
Ave., Beckley 


WISCONSIN 


Members: 
ALLEN, Nat N., Dairy Husb. Dept., 
Univ. of Wis., Madison 6 
ANDERSON, OLIN. Consolidated Badger 
Coop., Shawano 
BARRETT, GEORGE R., R. R. 1, Middleton 
*BERNDT, FRITz R., 326 4th St., Prairie 


du Sac 

Borine, D. P., 208 Wilson Ave., Me- 
nomonie 

BoustTept, Gus, College of Agr., Madi- 
son 


BRACE, CHARLES C., Lone Rock 

BRADLEY, FRANKLIN, R. 4, Edgerton 

Brown, L. W., Dairy & Food Control 
Lab., Univ. of Wis., Madison 6 

BusH, M. G., 2335 DuCharme Lane, 
Green Bay 

CALL, ARA O., Western Condensing Co., 
Appleton 

CANNON, RoBert Y., Dairy Ind. Dept., 
Univ. of Wis., Madison 6 

CARLSON, JOHN, 106 Geneva St., Wil- 
liams Bay 

*CAVANAUGH, J. F., Hoard’s Dairyman, 
Ft. Atkinson 

CHRISLER, EArt 620 N. 8th St., Mil- 


waukee 3 
CHRISTOFFERSON, T., Dairy Coop. Assn., 
Juneau 
CRAMER, A. J., 1642 Monroe St., Madi- 
son 5 
*DreHeER, W. H., Badger Breeder’s Coop., 
Shawano 
*Dua@pALe, B. R., 1017 Morningside Ave., - 
Madison 4 
Euper, H. K., 801 E. College Ave., 
Waukesha 


ELLERSTON, MELVIN E., Carnation Co. 
Research Lab., 2344 N. Oakland Ave., 
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Crossbred dairy cattle, 
at Beltsville, 551* 
production records of, 551* 
Cultures, 
cheese, 
activity test for, 523* 
dry milk for propagation of, 529* 
for Cheddar, acid-producing ability of, 
827 
susceptibility to bacteriophage, 507 
Curd tension, of milk treated by pancreatic 
enzymes, 885 


Dary ealves, distillers dried solubles 
and dried grains for, 585* 
Dairy cattle improvement in India, 553* 
Dairy extension program for 4-H club 
work, 596* 
Dairy service cooperative in Ohio, 590* 
Daylight, variation in, 
relation to fertility of cattle, 
in artificial breeding, 817 
in natural breeding, 747 
DDT, in milk, following spraying, 717 
Depletion, time of vitamin A, by calves, 
553* 
Detergents, device for effective use of, 61 
Deterg-O-Meter, use of, 61 
Diarrhea, of calves, 582* 
Digestion, peptic-tryptic, of rennet-cus- 
tards, 13 
Distillers dried grains, for calves, 585* 
Distillers dried solubles, for calves, 585* 
Drier, spray, for whole milk, using inert 
gas, 995 
Dry milk, 
for propagation of cheese cultures, 529* 
method for solubility of, 463 
reconstitution of, 528* 
vapor pressure-moisture relationships of, 
525* 
whole, 
ascorbic acid and keeping quality of, 
528* 
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changes during storage, 527* 
keeping quality, 
and headspace oxygen’, 529* 
when dried in inert gas, 995 
moisture level influence on storage 
changes, 527* 
Drying, of hay, value of, 571* 


Exevatep cow stall, Montana, 595* 
Elimination, of ascorbie acid, by cattle, 
649 
Evaporated milk, 
manufacture with high solids content, 
539* 
stabilization by ion exchange, 539* 
Excretion, of phenothiazine derivative, in 
milk, 55 
Extraneous matter, 
air, as source of, 473 
in air, determination of, 473 
in cream, removal by farm separator, 723 


Far, production, 24- vs. 26-hr. test day, 
957 
Fatty acids, 
free volatile, of butter, 211 
lower, origin of, 183 
Feeding, 
of dairy cows, 223 
to maintain weight of producing cows, 41 
Feeding value, of silage, acetic acid addi- 
tion and, 570* 7 
Fertility, 
of cattle, relation to daylight variation, 
747 
of semen, influence of sulfanilamide in 
diluent on, 361 
Flavones, as antioxidants for milk fat, 397 
Flavor, of miscellaneous cheeses, 165 
Flavor score, of butter, 211 
Freshening, season of, relation to milk pro- 
duction, 631 
Frozen cream, nordihydroguiaretic acid as 
antioxidant in, 541* 


Gases, sorbed, in dried milk, 197 

Genetic data, cooperating dairymen and, 
548* 

Gerber test, for homogenized milk, 145 
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Gestation, of dairy cows, factors influ- 
encing, 545* 

Globulin, 
absorption of, by calves, 560* 
water soluble, of bovine colostrum, 559* 

Glucose, in blood, effect of prepartum and 
postpartum feed upon, 566* 

Goitrogens, in blood and tissues, 579* 

Grass-legume mixtures, for grass silage and 
aftermath grazing, 573* 

Grasses, dehydrated cereal, carotene preser- 
vation in, 763 

Grazing, effect of hay feeding upon, 921 

Grazing management, of orchard grass- 
Ladino clover, 572* 


Hay, 


barn-dried, antirachitie properties of, 
583* 
drying of, evaluation of, 571* 
field-cured, antirachitie properties of, 
583* 
Hay feeding, effect pn summer milk pro- 
duction and grazing performance, 554*, 
921 
Heart rate, thyroprotein effect on, 576* 
Heat resistance, of lactobacilli, 231 
Heat tolerance, 
heritability of, in dairy cattle, 137 
of Jersey cows, 79 
repeatability of observations in cows, 
957 
Heated flavors, in milk, chemistry of, 538* 
Heating, of milk, changes produced by, 
526* 
Hemoglobin, of cows, 121 
Heritability, 
of heat tolerance, in dairy cattle, 137 
of type ratings, 550* 
Hesperidin, as antioxidant for fat, 397 
Holstein-Friesian calves, sources of birth- 
weight variations of, 483 
Homogenization, and lipolysis in Cheddar 
cheese, 803 
Hormone, male, in ruminant manure, 1 
Hypochlorite, for destruction of S. aga- 
lactiae, 519* 


Ice cream, 
peaches for, 121 
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phosphatase test for, 517* 
texture, microscopic study of, 537* 
Ice cream mix, 
condensing with Vacreator, 540* 
dry, vapor pressure-moisture relations of, 

525* 

pasteurization, 

HTST, laboratory, resistance of Micro- 
coccus freudenreichii as a test or- 
ganism, 975 

Inactivation, of phosphatase, time and tem- 
perature for, 518* 
Inclination of rumen, relation to ineclina- 
tion of udder, ete., 25 
Inclination of udder, and inclination of 
rump, 25 
Inheritance, sire’s, evaluation, 21 
Inorganic blood constituents of 
changes in, 584* 
Insect parts, air as soyrce of, 473 
Tutersex, in dairy cattle, 552* 
Intravenous feeding, influence on butter- 
fat secretion of, 183 
Invertase, sucrose inversion by, 521* 
Iodinated casein, 
in feed of dairy cattle, 443 
influence on milk yield, 443 
Ion-exchange, for stabilization of evapo- 
rated milk, 539*, 737 
Ionic exchangers, in dairy industry, 52° 
Iron, in blood serum, of dairy cows, 121 


calf, 


Jersey cows, 
heat tolerance of, 79 
summer comfort of, 255 


Keeptne quality, of milk, in refrig- 
erator, 371 

Ketosis, adrenal cortical extracts as thera- 
peutic agent for, 307 


Lacrationan drive, in dairy cattle, 
273 
Lactobacilli, 
heat resistance of, 231 
in Cheddar cheese, 231 
Lactose, as dietary carbohydrate, unique 
properties of, 532*, 939 ; 
Ladino clover,:for pasture, 572* 
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Lard, in rations for dairy calves, 87 
Light variation, conception rate and, 547* 
Lipase, 
of milk, fatty acids freed by, 901 
from M. lipolytica, 524* 
Lipid partition, mineral supplementation 
and, 556* 
Lipolysis, 
in Cheddar cheese, pasteurization and, 
803 
in milk, sham fed to calves, 499 


Mate hormone, in cow manure, factors 
influencing, 1, 579* 
Mammary gland, infusion with bacterial 
filtrates, 561* 
Mammary growth, of rats, 
reduced feed intake and, 564* 
relation to subsequent lactation, 564* 
Manure, ruminant, male hormone content 
of, 1, 579* 
Mare, colostrum and milk of, vitamin con- 
tent of, 73 
Mastitis, intramammary treatment of, 
penicillin for, 563 
sanitation, program for, 519* 
sulfanilamide in oil and penicillin for, 
562* 
Mastitis control, pen barn for, 553* 
Methionine, influence of, on blood choline 
levels, 641 
Microscope, for ice cream texture, 537* 
Microscopie count, of milk, 522* 
Midsummer production, hay feeding and, 
554* 
Mineral supplementation, influence on lipid 
partition, 556* 
Milk, 
butterfat in, atmospheric temperature 
and, 757 
cobalt in, 293 
composition of, 
as influenced by season, 415 
variation among breeds, 425 
variation with stage of lactation, 425 
DDT in, following spraying, 717 
dried, sorbed gases in, 197 
evaporated, 
manufacture with high solids content, 
539* 
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stabilization by ion exchange, 539*, 
737 
fat test of, variations between cows, 415 
flavor, soybean feeding and, 555* 
frozen concentrated, protein stability of, 
837 
heated flavor, chemistry of, 538* 
heating of, changes produced by, 526* 
homogenized, 
bacteriology of, 49 
chemical properties of, 49 
effect of freezing and storage tempera- 
tures on, 49 
fat tests for, 145 
modified Babcock test for, 95 
stability of milk solids distribution in, 
733 
lipase of, fatty acids freed by, 901 
mare’s, 
composition of, 385 
vitamin content of, 73 
microscopic analysis of, 522* 
oxidized flavor of, oxidation of ascorbic 
acid and, 533* 
pancreatic enzyme treatment of, 877 
pasteurized, keeping quality in refrig- 
erator, 371 
pasteurization, HTST, laboratory, resist- 
ance of Micrococcus freudenreichii as 
a test organism, 975 
proteins of, determination of partial 
hydrolysis, 881 
radioactive phosphorus secreted in, 557* 
relation of, to blood choline levels of 
calves, 641 
solids in, atmospheric temperature and, 
757 
soybean oil-filled, for calves, 587* 
sunlight flavor of, chemical reactions in, 
535* 
synthetic, as feed for calves, 87 
tocopherol levels in, 560*, 849 
toxicity of phenothiazine derivatives ex- 
ereted in, 55 
vitamin A in, influence of silage on, 103 
vitamin B complex secretion in, follow- 
ing supplementary feeding, 867 
volatile acidity of, 531* 
Milk fever, 
blood changes at parturition in, 
parathyroid extract and, 564* 
vitamin D and, 565* 
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Milk production, 
as influenced by time lag in milking, 
580* 
effect of milking at 2-hr. intervals on, 
703 
influence of, 
age on, 273 
weight on, 273 
iodinated casein and, 443 
relation of season of freshening to, 631 
thyroprotein feeding and, 313 
24- vs. 26-hr. test day, 951 
vitamin A and, 279 
Milk solids distribution, in frozen homog- 
enized milk, 733 
Minnesota test, for homogenized milk, 145 
Mojonnier method, for fat, in homogenized 
milk, 145 
Mycotorula lipolytica, 
as source of lipase, 524* 
use in blue cheese from pasteurized milk, 
524* 


N ERVE, regeneration of, in udder, 9 
Niacin, effect on vitamin A in calves, 115 
Nicotinic acid, 
for calves, 175 
in mare’s colostrum and milk, 73 
secretion in milk and urine following 
supplementary feeding, 867 
Nitrogen metabolism, of calves, at different 
protein levels, 589 
Nordihydroguiaretie acid, antioxidant in 
frozen cream, 541* 
Nutritive value, of butterfat fractions, 299 


Orcnarp grass, for pasture, 572* 

Oxygen, headspace, and keeping quality of 
dry whole milk, 529* 

Oxytocin, and milking at short intervals, 
703 


P ANCREATIC enzyme, milk treatment 
with, 877 

Pantothenic acid, 
in mare’s colostrum and milk, 73 
secretion in milk and urine, following 

supplementary feeding, 867 

Parathyroid extract, effect 

changes at parturition, 564* 


on blood 
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Parturient paresis, prepartum milking and, 
861 

Pasteurization, 
influence on Cheddar cheese yields, 530* 
resistance of lactobacilli to, 231 

Pasture yields, 

D.H.I.A. method applied to, 592* 
method for estimation of, 591* 
Peaches, preservation of, for ice cream, 129 
Pen barn, in mastitis control, 553* 
Penicillin, for intramammary treatment of 
mastitis, 562*, 563* 
Penicillium roqueforti, special cultures of, 
use in blue cheese from pasteurized milk, 
524 
Pennsylvania test, for homogenized milk, 
145 
Phenothiazine derivatives, toxicity of, as 
excreted in milk, 55 
Phosphatase, 
inactivation of, time and temperature 
for, 518* 

plasma, factors influencing, in dairy 
bulls, 546* 

test, for dairy products, 517* 
Phosphorus, radioactive, secretion and par- 
tition in cow’s milk, 557* 
Pituitary glands, cystic, in vitamin A defi- 
ciency, 687 
Placental transfer, of vitamin D, 588*, 787 
Prepartum diet, and vitamin content of 
colostrum, 343 
Prepartum milking, and parturient paresis, 
861 
Production, sire’s inheritance for, evalua- 
tion of, 21 
Production ability, 
rump, 25 
Production records, of crossbred cattle, 
551* 
6-n-propyl thiouracil, 
blood and tissue, 580* 
Proteins, 
of milk, determination of partial hy- 
drolysis, 881 

soluble, of cheese, 165 

stability of, in frozen concentrated milk, 
837 

Protamone, in feed of dairy cows, 443 

Pulse rate, atmospheric temperature and, 
255 


and inelination of 
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Quarerwary ammonium compounds, 
determination of, 536* 
for destruction of S. agalactiae, 520* 
for udder washing, 564* 
germicidal action of, 519* 
Quercitin, as antioxidant for fat, 397 
Quercitrin, as antioxidant for fat, 397 


Reconsrrrutioy, of dry milk, fac- 
tors influencing, 528* 

Reduced feed intake, for rats, effect on 
mammary growth and lactation, 564* 
Refrigeration, of milk, influence on keeping 

quality, 371 
Regeneration, of nerve, in udder, 9 
Rennet coagulability, of sham-fed milk, 505 
Rennet-custard, peptic-tryptic digestion of, 
13 
Resazurin test, 
for milk, 521* 
sterile dry vials for, 521* 
Respiration rate, temperature and, 255 
Riboflavin, 
in colostrum and milk, 927 
in cow’s colostrum, 581* 
in mare’s colostrum and milk, 73 
in milk, stability during refrigeration, 
371 
secretion in milk and urine following 
supplementary feeding, 867 
Rodent hairs, 
air as source of, 473 
removal from cream, by farm separators, 
723 


Rumen, 
bacteria of, isolation and characteriza- 
tion, 891 


lability of ascorbic acid in, 673 
Rump, inclination of, relation to inclina- 
tion of udder, ete., 25 
Rutin, as antioxidant for fat, 397 


SANITATION, dairy, quaternary am- 
monium compounds for, 519* 

Scours, calf, influence of vitamin supple- 
ments on, 115, 175 

Season, and fertility level in artificial in- 
semination, 817 
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Semen, 
bacterial content, influence of strepto- 
mycin on, 542* 
fertility of, influence of sulfanilamide in 
diluent, 361 
livability, influence of streptomycin on, 
542* 
oxidative mechanisms in, 547* 
pH, influence of management, breed and 
season on, 933 
thyroxine addition to, 543* 
Separator, 
cream, bowl cleaned by centrifugal flush- 
ing, 351 
farm, removal of extraneous matter by 
use of, 723 
Shade, influence on cow comfort, 255 
Sherbet, phosphatase test for, 517* 
Silage, 
alfalfa, 
and vitamin A in milk, 103 
preservation of, 785 
corn, 
acetic acid addition to, 570* 
in dairy ration, 567* 
corn-treated meadow crop, acetic acid ad- 
dition to, 570* 
dehydrated alfalfa, carotene losses from, 
568* 
ear corn, in dairy ration, 567* 
grainless corn, in dairy ration, 567* 
grass, 
grass-legume mixtures for, 573* 
preservation of, 103 
2-quart glass jars as silos for, 775 
wilted, antirachitic properties of, 583* 
Silage density, effect of pressure and crop 
condition on, 569* 
Solubility, of dried milk, 463 
Soybean oil, 
in filled milks, for calves, 587* 
in rations for calves, 87 
Soybeans, 
* and milk flavor, 555* 
and vitamin A deficiency in dairy cattle, 
566* 
Spermatogenesis, vitamin A effect on, 687 
Spray drier, design and operation, 526* 
Sprinkling, influence on cow comfort, 255 
Stabilization, of evaporated milk, by ion- 
exchange principle, 737 
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Stage of lactation, influence on milk com- 
position, 425 

Staphylococci, filtrate from, infusion into 
mammary gland of, 561* 

Storage, of dry whole milk, 527* 

Streptococcus agalactiae, 
chemical destruction of, 519* 
filtrate from, infusion into mammary 

gland of, 561* 

Streptococcus lactis, bacteriophage for, 507 

Streptomycin, influence on semen livability 
and bacterial content, 542* 

Sucrose, inversion of, by invertase, 521* 


‘Sulfanilamide, 


in oil, for intramammary treatment of 
mastitis, 562* 
influence on fertility of semen, 361 
Sunlight flavor, of milk, chemistry of, 535* 
Sweet potatoes, dehydrated, feeding value 
of, 558*, 769 


cow body, atmospheric 
temperature and, 255 
Test day, 24- vs. 26-hr., influence on milk 
and fat production, 951 
Thiamin, 
in mare’s colostrum and milk, 73 
secretion in milk and urine following sup- 
plementary feeding, 867 
Thiobarbital, concentrations in blood and 
tissue, 580* 
Thiouracil, 
absorption and elimination in ruminants, 
577* 
and mammary lobule-alveolar growth in 
mice, 578* 
concentrations in blood and tissue, 580* 
Thyroprotein, 
éffect on heart rate, 576* 
feeding to dairy cattle, 574*, 576* 
influence on milk production, 313 
therapeutic value for ketosis, 575* 
Thyroxine, addition to semen, 543* 
Time lag, between udder washing and 
milking attachment, 580* 
Tocopherol, in colostrum and early milk, 
560*, 849 
Torula cremoris, whey fermentation by, 263 
Type ratings, 
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correlation with butterfat production, 
550* 
variations in, 549* 
Tyrosine, free, in milk treated by pancre- 
atic enzymes, 885 


Upper, nerve regeneration in, 9 
Udder washing, quaternary ammonium com- 
pounds for, 564* 
Urine, 
ascorbie acid in, 649 
vitamin B complex secretion in, follow- 
ing supplementary feeding, 867 


V acreator, for condensing ice cream 
mix, 540* 
Vapor pressure-moisture relationships, in 
dry milk products, 525* 
Vitamins, 
A, 
as supplement for calves, 115, 175 
blood plasma, levels of, in calves, 795 
deficiency of, 
in dairy cattle fed soybeans, 566* 
in young dairy bulls, 687 
effect on milk and fat yields, 279 
feeding and concentration in liver, 279 
feeding level, effect on depletion time 
in calves, 583* 
in blood serum, as influenced by feed- 
ing vitamin A, 279 
in colostrum, 343 
in colostrum and milk, 927 
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in milk, grass silage and, 103 
liver storage of, in calves, 115 
natural ester of, use by heifers of, 
586* 
spermatogenesis affected by, 687 
A aleohol, 
use by heifers of, 586* 
B complex, 
secretion in milk and urine, 867 
C, 
in milk, iodinated casein and, 443 
requirement for calves, 87 
D, 
blood plasma levels of, in calves, 795 
colostral storage of, 787 
comparative content of hays and sil- 
age, 583* 
effect on blood changes at parturition, 
564* 
for calves, 175 
from irradiated yeast supplement, 787 
in colostrum, effect of supplementation 
on, 588* 
placental transfer of, 588*, 787 
supplementary, for calves, 175 
Volatile acidity, of milk, methods for, 531* 
Volumetric analysis, graphic procedure for 
results of, 534* 


Wercnr, maintenance of, by feeding of 
producing cows, 41 

Whey, 
as alcohol source, 263 
phosphatase test for, 517* 
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ABSTRACTS OF LITERATURE 
BOOK REVIEWS 


436. Feeds of the World, Their Digestibility and Composition. B. H. 
ScHNEIDER. 299 pp. $3.00. West Virginia University, Morgan- 
town. 1947. 


This is a comprehensive summary of available information on the com- 
position of feeding stuffs and their digestibility by the five most common 
species of mammalian farm animals, namely: cattle, sheep, goats, swine, and 
horses. The data presented resulted from a thorough analysis of American 
and foreign literature involving approximately 11,000 original digestion 
experiments conducted during the past 80 years. 

The book is divided into four sections. The first two are bibliographical, 
listing the authors whose research data have been included in this publica- 
tion and the feeding stuffs and species of animals studied by each. Section I 
is arranged alphabetically by authors and section II is a cross-index of the 
first, arranged alphabetically by feeding stuffs. Section III lists the common 
and scientific names of plant and of animal sources of feeding stuffs. The 
final section consists of a tabulation of the composition and digestibility of 
the various feeds. With the exception of the table including data from 
investigations with sheep and with goats, the results from digestion trials 
are presented separately according to species of animal. Data tabulated 
include digestible nutrients and composition of feeding stuffs as offered to 
animals, digestion coefficients, and digestible nutrients and composition of 
feeds on a moisture-free basis. 

This compilation has required a tremendous amount of time and effort 
on the part of the author. Since this book is the first of its kind to be pub- 
lished, it should be of great service to all who are interested in livestock 
nutrition or composition of feeding stuffs. N.L.J. 


437. Notas sobre a bioquimica do leite (Notes on the biochemistry of 
milk). O. BauLariIn. Meier & Blumer, Rio de Janeiro, Brazil. 
150 pp. 1947. 


This book was written in Portuguese with the purpose of surveying the 
recent knowledge of the biochemistry of milk and facilitating the under- 
standing of the various phenomena concerning this product. It is divided 
into four major parts. In the first part, milk is defined and its organoleptic 
characteristics and physical, chemical, and biological properties are dis- 
cussed. The second part is devoted to the study of the chemical composition 
of milk; this is treated with comparatively greater detail than is employed 
in the other portions of the book. The action of the various chemical, phys- 
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ical, and biological agents upon milk is discussed in the third part. The 
presentation of a number of charts shortens and facilitates this discussion. 
The metabolism of milk is discussed in the fourth section. A diagram sum- 
marizes this portion of the book. The appendix gives some very general 
information concerning the various milk products. 

The book is written in a very definite and organized sequence. Charts, 
diagrams, and illustrations are presented generously to facilitate the under- 
standing of the subject. Throughout the book, the different facts discussed 
are related to the various problems encountered in the practical dairy in- 
dustry work. However, little detail is given in regard to the actual com- 
mercial processing of milk, and the reader is expected to resort to other books 
for this kind of information. Most of the references are to condensed, 
evaporated, and powdered milk, with few references to cheese, ice cream, 
and butter. 

Frequent citations to the original publications, including many which 
have appeared in recent years, are made throughout the book. Failure to 
arrange the bibliographical citations either alphabetically or chronologically 
and to adopt a uniform system of citation in the text of the book reduces 
the usefulness of this portion of the work. R.E.M. 


BACTERIOLOGY 


438. Proposed Changes in Incubation Temperatures for Standard Agar 
Plate Counts (Abs.). J. D. Brew, Univ. of Tennessee. Jour. 
Bact., 53, 3: 372. March, 1947. 


Forty years ago agar plates were incubated 5 days at 20° C. plus 2 days 
at 37° C. on the assumption that most bacteria, including pathogens, would 
grow. Because the 7-day incubation was impractical, 37° C. for 48 hr. be- 
came accepted. Lately it has been observed that there are greater variations 
in plates incubated at 37° C. than at lower temperatures. The maximum 
growth range for some bacteria is close to or above 37° C. Intra- and inter- 
incubator temperatures vary more at 37° C. than at lower temperatures, 
some incubators showing zones as high as 45° C. It is proposed to lower 
incubation temperature to 32° C. for 48 hr. 


439. A Study of Variability in Duplicate Standard Plate Counts as 
Applied to Milk (Abs.). J. L. Courtney, Oak Ridge Dept. of 
Health, Oak Ridge, Tenn. Jour. Bact., 53, 3: 372. March, 1947. 


Of 299 duplicate counts made on raw milk, 278 varied less than 50%, 
18 between 50 and 100%, and 3 over 100%, the highest being 191%. The 
average variation was less than 20%. The author deplores the attitude that 
there is no point in exercising care with the technique because ‘‘the error 
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inherent in the method is greater than the error which will be introduced’’. 
Rather, human error accounts for much of the so-called error of the method. 
D.P.G. 


440. A Factor Toxic to Brucella abortus in Some Lots of Tryptose 
(Abs.). V.T. ScHuHARDT AND L. J. Rope, The Brucellosis Research 
Project of the Clayton Foundation and the Univ. of Texas, Austin. 
Jour. Bact., 54,2: 282. Aug., 1947. 


Three lots of Difco tryptose specifically suppressed growth of 5 strains 
of Brucella abortus. The factor was not active against strains of B. meli- 
tensis, B. suis, or 6 other bacterial species. The factor in 2% tryptose was 
brucellacidal in 48 hr. against 400 to 500 organisms per ml. The factor is 
neutralized by blood, serum, Difco agar, and aqueous extracts of a number 
of plant and animal tissues. D.P.G. 


441. A Superior Culture Medium for the Enumeration and Differenti- 
ation of Coliforms (Abs.). G. H. CHapman, Clinical Research 
Laboratory, N. Y. Jour. Bact., 53, 4: 504. April, 1947. 


The medium has the composition: water, 1,000 ml.; Difco yeast extract, 
3.0 g.; Proteose no. 3 peptone, 5.0 g.; lactose, 10.0 g.; agar, 15.0 g. Adjust 
to pH 6.9 and add 0.1 ml. tergitol-7 and 2.5 ml. of 1% bromthymol blue. 
Incubate 20 hr. at 37° C. Escherichia produces yellow colonies surrounded 
by yellow zones. Aerobacter produces greenish-yellow ‘‘gum drop’’ colonies, 
larger than Escherichia colonies and usually surrounded by yellow zones. 
Colonies of paracoli and other organisms not fermenting lactose usually are 
surrounded by blue zones. Some strains of Neisseria catarrhalis grow but 
produce minute, rough, blue colonies with blue zones. No other bacteria 
have been observed. Proteus spp. have less tendency to spread. There is 
no inhibition of coliforms, permitting recovery from minute inocula. Counts 
are about 30% higher than on other media. D.P.G. 


442. The Relationship between Lactobacillus acidophilus (Moro) Hol- 
land and Lactobacillus casei (Orla-Jensen) Holland. C. S. 
Peperson, N. Y. Agr. Expt. Sta., Geneva. Jour. Bact., 53, 4: 407- 
415. April, 1947. 


Lactobacillus spp. isolated from milk and milk products usually are con- 
sidered to be strains of L. casei (Orla-Jensen) Holland. These form smooth 
colonies and dextrorotatory lactic acid. In the present study a number of 
cultures isolated as rough or filamentous colonies from various parts of the 
human body, and usually considered as strains of L. acidophilus (Moro) 
Holland, have changed their characters over a period of years and now are 
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identical with cultures of LZ. casei. It is concluded that L. acidophilus and 
L. casei are rough and smooth strains of a single type. D.P.G. 


443. An Occurrence of Udder Infections Caused by a Thermoduric 
Streptococcus (Abs.). J. S. Bryan, Walker-Gordon Laboratory 
Co., Plainsboro, N. J. Jour. Bact., 53,4: 505. April, 1947. 


Thermodurie streptococcus infection of the udders of cows caused an 
inereased bacterial count of high-quality pasteurized milk. Milk from in- 
fected udders contaminated the equipment. This contamination was elimi- 
nated in routine cleaning and sterilizing after infected cows were located 
and removed from the supply. Detection of infected cows was difficult be- 
cause the symptoms and physical appearance of the milk were not the same 
in each case. Laboratory pasteurization of the milk from each cow was 
necessary to confirm physical findings and to locate infected cows. 

The thermoduric streptococcus apparently does not normally reside in 
the udder. These bacteria evidently are not important in milk from a public 
health standpoint but are important to the plant since they affect the 
pasteurized milk count. . D.P.G. 


444. The Significance of, and Methods for, Maintaining Moisture in Bac- 
teriological Culture Media (Abs.). G. H. CHapMan, Clinical Re- 
search Laboratory, N. Y. Jour. Bact., 53,4: 504. April, 1947. 


An agar plate stored in an electric refrigerator loses an average of 0.1 ml. 
of moisture each day. This is detrimental to microbie growth. Moisture 
loss can be reduced by storing plates in metal cylinders and sealing the joint 
between top and bottom sections with waterproof adhesive tape, parafilm, 
or arubber band. The vent hole also should be sealed. Tubes of culture 
media can be sealed with parafilm. D.P.G. 


445. Some Observations on a Pleomorphic Bacillus Isolated from Differ- 
ent Lots of Processed Whole Milk Products (Abs.).. HELEN Z. 
KNicuHt AND E. H. Browne, M & R Dietetic Laboratories, Inc., 
Columbus, Ohio. Jour. Bact., 53,4: 501. April, 1947. 


The incompletely identified bacillus appeared as long rods in chains, rods 
with central and plectoral globi, and dumbbell forms. A life cycle was 
observed beginning with long rods and ending with clumps of globi. In- 
creasing nitrate content of the medium resulted in formation of filaments 
resembling mycelium. On blood agar the bacillus was a non-hemolytic, 
small, plump rod. The variations were non-permanent, the bacillus revert- 
ing to its original forms when transferred to standard milk agar. The pres- 
ence of the bacillus had no effect upon the milk product. D.P.G. 
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CHEESE 


446. The Effects of Lactobacilli on the Quality of Cheddar Cheese Made 
from Pasteurized Milk (Abs.). R. P. Tirrsuer, G. P. SANpDERs, 
H. E. WauTer, Donna S. Ger, O. S. Sacer, AND H. R. Locury, 
Bureau of Dairy Industry, Agricultural Research Administration, 
U.S. Dept. Agr., Washington, D.C. Jour. Bact., 54,2: 276. Aug., 
1947. 


Lactic starter was added to one lot of cheese as a control and lactic starter 
and a supplemental starter containing lactobacilli were added to each of the 
other lots. Lactobacillus casei (3 types), L. arabinosus, L. pentosus, L. fer- 
menti, and L. plantarum grew rapidly in the cheese. From 50 to 500 mil- 
lions per g. were present at from 2 to 12 weeks, depending on species, num- 
bers added, and temperature of ripening (50 to 60° F.). JL. fermentt pro- 
duced gas and objectional flavor. JL. casei increased acidity but not prote- 
olysis ; it increased flavor of ‘‘acid’’ nature and ‘‘short’’ body. Some strains 
of L. arabinosus, L. pentosus, and L. plantarum increased flavor and did not 
produce objectionable acidity. Other strains had little effect on quality. 

L. bulgaricus, L. helveticus, L. lactis, and L. acidophilus were not detected 
after 2 weeks at either temperature, and the cheese grades were the same as 
those of the corrsponding controls. D.P.G. 


CHEMISTRY 


447. Effect of Dry Heat on Proteins. D. K. Mecuam H. Otcorrv. 

Western Regional Research Laboratory, U. S. Dept. Agr., Albany, 

Calif. Indus. and Engin. Chem., 39, 8: 1023-1027. Aug., 1947. 

Casein and other proteins were heated to 110—203° C. for 18 hr. in boil- 

ing, inert hydrocarbons. Solubility decreased with increasing temperatures 

up to 153° C., but there was no change in total N and little chamge in amide 
N. Above 153° C. extensive degradation occurred. B.H.W. 


448. Process for Hardening Protein Fibre. F.C. Atwoop. (Assigned to . 
Natl. Dairy Products Corp.) U.S. Patent 2,428,603, Oct. 7, 1947 
(15 claims). U.S. Patent Office Off. Gaz., 603,1: 128. 1947. 

A relatively pure protein, such as casein, is dispersed in an alkaline solu- 
tion and forced through an orifice into an acid-coagulating bath to form a 
continuous thread which then is stretched and finally hardened by means of 
a formaldehyde bath maintained between pH 4.5 and 7.0. R.W. 


CONCENTRATED AND DRY MILK; BY-PRODUCTS 


449. Plastic Cream—Its Advantages in Ice Cream Making. A. C. D1nc- 
WALL, Dairy Consultant, New York City. Ice Cream Field, 50, 2: 
33, 74. Aug., 1947. 


Because of the decreased volume accompanying the use of plastic cream 
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instead of frozen 40% cream, considerable saving in transportation and 
storage costs results. 

The following procedure was used successfully in one plant. Cream test- 
ing 50% fat first was separated from fresh milk. The cream then was 
pasteurized at 170° F. for 30 min. After cooling to 130° F., it again was 
run through a separator to produce cream testing 80% fat. Then it was 
forced through an internal tubular cooler by means of a worm-drive, which 
cooled the cream to 60° F. Cans filled with the cream were frozen and 


stored in a sharp room maintained at —20° F. W.C.C. 
DISEASES 
450. Brucellosis. Epirorian. Amer. Med. Assoc. Jour., 134, 10: 976. 
July 5, 1947. 


Brucellosis still is erroneously believed to be a regressive, rare, and self- 
limited disease. Infection of susceptible persons will continue as long as 
contaminated food is ingested or there is contact with infected cattle, goats, 
swine, sheep, or horses. Only the relatively severe acute illnesses are diag- 
nosed and reported. Chronic infections outnumber the acute by at least 
10 to 1, but chronic infections rarely are diagnosed. 

Mortality at present usually is low, but higher rates may occur in the 
presence of epidemies of the more virulent suis infection carried by raw milk. 
Cross-infection apparently is increasing; thus the hog or the cow may 
transmit melitensis or suis to man. Huddleson has estimated the following 
annual losses for Michigan alone, all from an estimated 108,000 infected 
cows : 222,904,000 Ib. of market milk or enough to supply 557,000 persons 
for 1 year; 11,140,200 lb. of butter, enough to supply 655,300 persons for 1 
year ; 16,240 calves, representing 1,299,200 lb. of veal or 6,494,000 lb. of beef 
or a proportionate amount of dairy products if the calves were raised as 
milk-producing animals. On one farm 82% of the expected pig crop, or 
54,180 lb. of dressed pork, was lost through infection. 

Detailed discussion is given to failure to diagnose human chronic cases. 
The writer deplores the defeatist attitude toward treatment and calls for 
inereasing ‘‘brucellosis-mindedness’’ and continued investigation. He con- 
cludes : ‘‘ Pasteurization of all dairy products must remain the greatest bul- 


wark against human infection until methods of control can be perfected.’’ 
D.P.G. 


451. Brucellosis in the United States. CURRENT ComMeENT. Amer. Med. 
Assoc. Jour., 134, 9: 786. June 28, 1947. 

The approximately 4,000 cases of human brucellosis reported annually 

to state health departments indicate that there are at least 30,000 to 40,000 
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actual cases. A method of laboratory diagnosis is needed that will reveal 
milder forms of the disease. A therapeutic agent is needed for the control 
of brucellosis in animals. The development of better methods of control, 
diagnosis, and treatment is one of the most pressing problems facing the 
medical profession. D.P.G. 


452. Permeability of the Lactating Bovine Mammary Gland to Sulfona- 
mides (Abs.). V. T. ScHuHarptT, T. B. Carrouu, L. J. Rope, AND 
Heten Lacy. The Brucellosis Research Project of the Clayton 
Foundation and the Univ. of Texas. Jour. Bact., 53, 3: 367. 
March, 1947. 


Sulfanilamide, sulfathiazole, sulfadiazine, sulfamerazine, sulfapyrazine, 
2-sulfanilamido-5-bromo pyrimidine, and 2-sulfanilamido-5-chloro pyrimi- 
dine were administered orally to 2 cows. Sulfapyridine was administered 
to4 cows. Each cow received 90 g. of the appropriate drug in 3 equal doses 
at intervals of 4 hr. Blood and milk samples were collected from each cow 
at 6, 10, 22, 34, and 46 hr. after the initial drug dose. These were tested 
for free sulfonamide concentrations. The last 3 samples of both blood and 
milk were tested for total sulfonamide concentrations. 

Sulfathiazole, sulfapyrazine, and sulfadiazine attained maximum blood 
levels of less than 5 mg.% of the free drug. , Only the latter was demon-, 
strable in the milk, attaining a concentration of 1.1 mg.%. All the other 
drugs attained maximum blood levels ranging from 5 to 13 mg.% free drug. 
Only sulfanilamide and sulfapyridine came through the mammary gland 
in concentrations approaching those found in the blood. Sulfapyridine 
reached higher levels in both blood and milk. D.P.G. 


453. The Use of Sodium Sulfamerazine in Foot Rot (Infectious Podo- 
dermatis, Interdigital Phlegmon) in Cattle. F. T. CANauin. 
Amer. Vet. Med. Assoc. Jour., 111, 847: 278-281. Oct., 1947. 


Sodium sulfamerazine was injected intravenously into 34 cows and 1 bull 
as a cure for foot rot. In all but one case, recovery was rapid, complete and 
satisfactory. Cows with secondary infections involving the deeper struc- 
tures of the foot may require 4-6 days for recovery ; other cases require only 
2-3 days. Optimal dosage is approximately 3 g. of sulfamerazine per 100 lb. 
of body weight and should be given in a single dose. No toxic results were 
noted. T.M.L. 


FEEDS AND FEEDING 


454. Handling Fresh Alfalfa before Dehydration. R. E. Smxker anp H. H. 
Kine, Kansas Agr. Expt. Sta., Manhattan. Indus. and Engin. 
Chem., 39, 9: 1163-1165. Sept., 1947. 
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Dehydrated alfalfa meal obtained from field-chopped alfalfa contained 
slightly less carotene than did meal produced in the conventional manner 
from long alfalfa, which was chopped just prior to dehydration. Before 
dehydration, the field-chopped hay lost about 3% of its carotene per hour, 
but it lost less carotene during dehydration than did the long hay. Field 
chopping apparently does not seriously reduce the carotene content of 
alfalfa meal. B.H.W. 


455. Vapor Pressure of Water Adsorbed on Dehydrated Alfalfa. W. G. 
ScHRENK AND H. H. Kine, Kansas Agr. Expt. Sta., Manhattan. 
Indus. and Engin. Chem., 39, 9: 1165-1167. Sept., 1947. 


The vapor pressure of water adsorbed on dehydrated alfalfa was mea- 
sured in the region of 2.2 to 14.1% moisture and in the temperature range 
from 17 to 50° C. Typical S-shaped adsorption isotherms were obtained. 
Protein content of the meal had little effect on vapor pressure. Blanching 
prior to dehydration did not alter the position or shape of the vapor pressure 
curves. B.H.W. 


456. Storage of Commercial Dehydrated Alfalfa Meal. R. E. Sinker, 
W. G. SCHRENK, AND H. H. Kina, Kansas ‘Agr. Expt. Sta., Man- 
hattan. Indus. and Engin. Chem., 39, 9: 1160-1162. Sept., 1947. 


Alfalfa meal held in storage cave at about 38° F. and 82% relative 
humidity showed improved carotene stability at low-temperature storage and 
when the moisture content of the meal was held higher than its moisture 
at the time of milling. No advantage was derived from the use of water- 
proof packaging for meal storage. B.H.W. 


FOOD VALUE OF DAIRY PRODUCTS 


457. De Voedingswaarde van Melk, Vergelijking van Koemelk en Vrou- 
wenmelk (Nutritive Value of Milk, Comparison between Cow’s 
Milk and Human Milk). Cur. ENaex, Central Instituut voor 
Voedingsonderzoek, Utrecht, the Netherlands. Netherlands Milk 
and Dairy Jour., 1,1: 43-56. 1947. 


A compilation of recent literature dealing with composition of cow’s and ; 
human milk and colostrum, including tables on essential amino acids, fatty 
acids, vitamins, and minerals, is presented. Comparisons between the two 
types of milk are made wherever possible. 59 references. ; -_ 


ICK CREAM 


458. Effect of Different Homogenizer Valves on Some Abnormal Ice 
Cream Mixes. A. LEIGHTON, Division of Dairy Research Labora- 
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tories, Bureau of Dairy Industry, Washington, D. C. Ice Cream 
Rev., 31,2:42. Sept., 1947. 


Mixes which were difficult to whip when processed in the conventional 
manner were found to whip easier with a change in homogenization pro- 
cedure. Comparative trials in which portions of the same mix were 
homogenized with an old first-stage valve, a new first-stage valve, and with 
the second-stage valve operated at pressures normally used with the first- 
stage valve revealed that best results were obtained when the mix was proc- 
essed with the second-stage valve only. It further was shown that the por- 
tion of the mix processed with the old first-stage valve produced a mix of 
better whipping ability than when the new first-stage valve was employed. 
The use of a multi-flow homogenizer likewise produced a mix with better 
whipping properties than when processed with either of the first-stage valves. 
The use of a high pressure on the second-stage valve not only improved the 
whipping ability of the mix but also made the mix thinner, so that it handled 
better on the cooler, reduced the motor load in freezing, and produced better 
ice cream with respect to its body and texture. 

When mixes of low whipping ability containing 8, 12, and 16% fat were 
used, the improvement in whipping ability through the use of the second- 
stage valve was most pronounced with the higher fat mixes. The whipping 
ability of chocolate mixes, as well as mixes prepared from butter, was im- 
proved by processing with the second-stage valve only. With mixes of nor- 
mal whipping ability, there was little or no difference in the behavior of 
mixes treated with the first-stage as compared with that processed with the 
second-stage valve only. In another trial with a normal mix, better results 
were obtained with the first-stage valve than when the mix was processed 
with the second-stage valve. 

No explanation for differences in the whipping ability of these mixes 
could be found from a microscopic examination of them. On the basis of the 
Farral index, all mixes showed satisfactory breakup of the fat globules. 
One explanation for the differences observed is that in some way the adsorp- 
tion of protein on the butterfat globule was more thorough in mixes when 
processed with the second-stage valve only. Results obbtained in this in- 
vestigation indicate the need for a better way of expressing homogenization 
efficiency. W.I.C. 


459. Mix Stabilizers and Whipping Agents. P. H. Tracy, Univ. of IIli- 
nois. Ice Cream Rev., 31,2: 80. Sept., 1947. 


The origin, method of manufacture, and the possible advantages and 
disadvantages for use in frozen dairy foods of a number of stabilizing agents, 
including gelatin, carob bean, pectin, dariloid, Irish moss, quince-seed ex- 
tract, gums, and sodium carboxymethy] cellulose, are discussed. 
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The general nature and properties of several emulsifying agents being 
offered to the ice cream industry are presented. These emulsifying agents 
serve much the same function as egg yolk in ice cream. Their use will result 
in faster whipping, smaller air cells, a drier ice cream, and a smoother 
texture. One possible disadvantage of using emulsifying agents in ice cream 
is that they may cause shrinkage. W.J.C. 


460. The Case for Liquid Sugar. _C. F'. Korrver, The Borden Co., N. Y. 
Ice Cream Field, 50, 2: 16-18, 67, 77. Aug., 1947. 


The following specifications are given for a good liquid sugar-sucrose: 
Color, white and crystalline clear ; sugar, sucrose 99.5% and invert 0.5% of 
total sugar ; ash content, 0.1% of total solids; brix, not higher than 67.5; pH 
6.3; bacteria, less than 1,000 per ml.; B. coli, negative. Taking the sirup 
density with a brix hydrometer calibrated to 68° F. after diluting the sirups 
to twice their weight with water is recommended. . 

Ice cream plants in metropolitan areas or communities in which refineries 
are located profitably may use liquid sugar provided their annual minimum 
sugar consumption is 300,000 lb. In communities away from these areas, 
a minimum of 500,000 lb. annually would be required to make the necessary 
installations profitable. Delivery in drums is uneconomical, but delivery by 
tank trucks of 1,000 to 2,500 gallon capacity or in tank cars of 6,000 to 
8,000 gallon capacity is considered good practice. The pipeline from the 
street level to the storage tanks should be at least 2.5 in. in inside diameter 
and may be of galvanized iron. 

Protection from moisture and the use of ‘‘Sterilamps”’ in storage tanks 
are recommended. Accurate weighing of sirup delivered is imperative and 
the use of weighing tank scales for all liquids going into the pasteurizer is 
recommended. 

Iron in liquid sugar is objectionable because it will cause undesirable 
discoloration in chocolate ice cream and may contribute to oxidized flavor 
in general. The claim is made that invert sugar in liquid sugar to the extent 
of 15% of the total sugar content is satisfactory for ice cream manufacture, 
but texture difficulties may result if this value is exceeded. The amount of 
invert sugar can be increased to 20 or 25% in the case of ices and sherbets. 
Mention also is made of using a blend of liquid sugar (sucrose) and corn 
sirup in the ratio best suited for plant needs. For miscellaneous purposes 
it is well to have a small amount of dry sugar on hand. W.C.C. 


461. Evaluation of Ice Cream Sweeteners. H. A. BENDIXEN, Washington 
State College, Pullman. Ice Cream Field, 50, 2: 20-22. Aug., 

1947. 
A classification and brief description is given of the sweeteners commonly 
used in ice cream. Literature is cited to show that the concentration at 
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which the sweetness of sweeteners is evaluated materially influences the 
results. When corn sugars are used in combination with sucrose they seem 
sweeter than when tasted alone. 

It is stated : ‘‘For each pound of cane sugar to be replaced about 1.0-1.1 
pounds of dextrose, 1.3-1.5 pounds of high conversion corn sirup, 1.7—2.0 
pounds corn sirup solids, 2.5 pounds of regular sirup, 1 pound of invert 
sirup, 1.3-1.4 pounds of honey should be used.”’ 

Several methods of inverting sugar, as reported in the literature, a are 
cited, and brief mention is made of the use of honey as a sweetener. 

W.C.C. 


462. Corn Is Also Ice Cream Sweetener. R. J. Tresmcock, Corn Prod- 
ucts Sales Co. Ice Cream Field, 50,2: 24. Aug., 1947. 


The author claims that best results are obtained in sweetening ice cream, 
ices, and sherbets by using two or more sweeteners. A combination of 4 dex- 
trose, } corn sirup, and ? cane or beet sugar is recommended. W.C.C. 


463. Why and How to Sell Ice Cream in a Grocery Store. J. M. Cum- 
MINGS, General Ice Cream Corp. Ice Cream Field, 50, 2: 28, 30, 32. 
Sept., 1947. 


Reference is made to a survey by the Homemakers Guild of America in 
which it was reported that 77.1% of the women interviewed preferred to buy 
all their food and household needs in one store but only 3.6% were buying 
their ‘‘take-home”’ ice cream in the one-stop super markets. An additional 
224% were buying their ‘‘take-home’’ ice cream in smaller neighborhood 
grocery stores, and 79.3% of the carry-out ice cream was being sold in non- 
grocery outlets. 

Sales of ice cream in grocery-type stores are on the increase, as the 
author’s company sold 22% of its ice cream to grocery stores in 1945, 23% 
in 1946, and an even larger percentage in 1947. 

The value of point-of-sale advertising and suitable display cabinets 
properly located is stressed for selling ice cream. Insulated bags and, in 
some cases, dry ice in addition, are considered helps in selling ice cream in 
the grocery store. Proper pricing of the ice cream and maintaining quality 
are essential to successful selling. ; W.C.C. 


MILK 


464. The Practical Significance of So-called Heat-resistant Coliform 
Organisms in the Coliform ‘Testing of Pasteurized Milk (Abs.). 
Epytue C. Atrr AND L. BucHBINDER, Bureau of Laboratories, New 
York City Dept. of Health. Jour. Bact., 53, 4: 505. April, 1947. 


Heat-resistant coliforms rarely, if ever, were found in the final product 
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in a milk-plant study of raw, line, and final milk. A study of 1,000 samples 
of raw milk over a period of 1 year showed that far fewer coliform organisms 
are found in raw milk than commonly are used in the laboratory ,pasteuri- 
zation of coliforms. When reasonable numbers of test organisms were used, 
complete kill always was obtained when employing the technic of complete 
submersion, but not when two technics for partial submersion were used. 
It is concluded that coliforms are not found after laboratory pasteurization 
when the proper method and reasonable numbers of organisms are used. 
Heat-resistant coliforms seem to have no practical significance in the coliform 
testing of pasteurized milk. APG. 


465. Method and Application for Deaerating Liquid Foods. P. F. SHarp, 
D. B. Hanp, ano E. S. Guturie. (Assigned to Cornell Research 
Foundation.) U.S. Patent 2,428,044, Sept. 30, 1947 (13 claims). 
U.S. Patent Office Off. Gaz., 602,5:737. 1947. 


The vitamin C content is preserved and the development of certain off 
flavors retarded by deaerating milk prior to bottling under air-free condi- 
tions. The authors describe a continuous method of deaeration by spraying 
the milk at a temperature of 105-115° F. into a vacuum chamber where an 
amount of water is evaporated equal to about 0.5 to 2% of the weight of the 
milk and the temperature is reduced by about 7 to 15° F. The deaerated 
milk is removed continuously from the bottom of the chamber at approxi- 
mately the rate at which it enters and is then cooled and packaged under 
subatmospheric pressure to prevent aeration. A regenerative heating and 
cooling step may be employed for greater economy. R.W. 


466. Liquid Treating Apparatus. P. F. Suarp, D. B. Hann, anp E. 8. 
GuTHRIE. (Assigned to Cornell Research Foundation.) U. S. 
Patent 2,428,045, Sept. 30, 1947 (8 claims). U. S. Patent Office 
Off. Gaz., 602, 5: 737-738. 1947. 


An apparatus in which liquids, such as milk, may be deaerated or gaseous 
or readily vaporizable materials may be removed continuously is described. 
The product is introduced as a spray through a perforated pipe into a 
cylindrical tank maintained under vacuum. A definite volume of gas-free 
liquid is allowed to collect in the bottom of the tank and then is removed 
continuously by means of a pump from an outlet at the bottom. A leveling 
device controls the rate of intake and the volume of deaerated liquid main- 
tained in the chamber. R.W. 


467. Flavors in Milk from the Farm. F. J. Doan, Dept. of Dairy Hus- 
bandry, Pennsylvania State College. Milk Dealer, 36, 11: 72-76. 
Aug., 1947. 
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Undesirable flavors found in milk coming from the farm, listed in the 
order of their frequency, are: (a) feed and weed, (b) cowy or barny, (c) 
salty, (d) rancid, (e) bacterial, (f) flat, (g) bitter, and (h) foreign. The 
cause and prevention of these undesirable flavors are discussed. C.J.B. 


468. Quality Milk Production Program. ANonymous. Milk Dealer, 36, 
11: 47, 48, 80. Aug., 1947. 


The Dixie Dairy Co. of Gary, Indiana, has made effective use of the Indi- 
ana State champion 4-H Club demonstration team to help sell the company’s 
producers on quality milk production. The team is used at farm group’ 
meetings. The program for the meetings and the team script are given. 

C.J.B. 


469. Cooling Jacket for Milk Cans. C. P. van Franx. U. S. Patent 
2,426,475, Aug. 26, 1947 (2 claims). U.S. Patent Office Off. Gaz., 
601, 4:663. 1947. 


Milk or cream in the conventional type of can is kept cold by means of 
a jacket which fits loosely over the can and is sealed to a base plate on which 
the can rests. Cold water is admitted into the space between the can and 
semiporous jacket. R.W. 


470. Milk Strainer Pad Dispenser. R. Scunemwer. U. S. Patent 2,428,530, 
Oct. 7, 1947 (2 claims). U.S. Patent Office Off. Gaz., 603, 1: 108. 
1947. 


To keep milk strainer pads clean and protected a dispenser has been 
developed comprising a covered cylindrical storage receptacle with a hinged 
bottom door through which the pads are easily removed one at a time as 
required. R.W. 


471. Cooperative Advertising Pays. H. Wacrnsem, Hugo Wagenseil and 
Associates, Dayton, Ohio. Milk Dealer, 36, 11: 41, 42, 100, 101. 
Aug., 1947. 


A description of the cooperative advertising and promotion plan devel- 
oped in 1938 by milk dealers in Dayton, Ohio, to move surplus milk is given. 
The record of accomplishments is worthy of the attention of dealers in other 
cities. C.J.B. 


472. Cream Separator. L. D. McNemu. U. S. Patent 2,428,429, Oct. 7, 
1947 (lelaim). U.S. Patent Office Off. Gaz., 603,1:84. 1947. 


To remove cream from the top of a bottle of milk there is submerged into 
the cream layer a device consisting of a cylinder having a flange and gasket 
for sealing the top of the device to the cap seat of the bottle and a perforated 
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bottom which permits most of the cream to be poured off without mixing 
with the lower layers of low-fat milk. R.W. 


SANITATION AND CLEANSING 


473. The “Reversal”, Neutralization, and Selectivity of Germicidal Cati- 
onic Detergents. M. KLEIN AND ZELMA G. Karbon, Dept. of Bac- 
teriology, School of Medicine, Univ. of Pennsylvania, Philadelphia. 
Jour. Bact., 54, 2: 245-251. Aug., 1947. 


Careful distinction is made between reversal of the bacteriostatic activity 
of cationic detergents after contact with bacteria and neutralization of activ- 
ity before contact. Anionic detergents tested did not reverse the activity 
of two cationic detergents. However, in one instance, bacteriostatic action 
of zephiran against Gram-negative bacteria was neutralized, while the same 
action against Gram-positive bacteria was not neutralized. Zephiran has a 
high degree of selectivity and possesses several hundred-fold greater activity 
against Gram-positive than against Gram-negative bacteria. D.P.G. 


474. Inactivation of the Germicidal Action of Quaternary Ammonium 
Compounds (Abs.). C. A. Lawrence, Winthrop Chemical Co., 
Inc., Renssalaer, N. Y. Jour. Bact., 53,3: 375. March, 1947. 


A suitable inactivator for the antibacterial action of quaternary ammo- 
nium germicides must meet certain requirements. It should, as completely 
as possible, neutralize the bacteriostatic and bactericidal actions of the 
quaternaries and maintain the neutralized state for a prolonged period of 
time. The neutralizing agent itself should not possess antibacterial proper- 
ties. Several anionic detergents, including soaps, do not meet these require- 
ments. <A series of compounds that give a precipitate in the presence of 
quaternary ammonium solutions failed to inactivate completely the germi- 
cidal action of the latter. A sulfonic acid derivative, the sodium salt of sym- 
metric bis 
4,6,8-trisulfonie acid) carbamide, closely meets the requirements for an 


inactivator. D.P.G. 
MISCELLANEOUS 
475. Soil Conservation. ANonyMmous. Milk Dealer, 36, 11: 43-44, 92-94. 
Aug., 1947. 


The importance of soil conservation to the dairy industry is discussed 
and methods are set forth whereby milk dealers and other businessmen can 


support the national program. C.J.B. 
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Dispenser, for milk from ean, A157 
Dried milk, 
acidity of, A169 
compression of, A19 
future of, A125 
keeping quality of, A18 
leucine in, A145 
storage of, effect on essential amino 
acids, A146 
whole, 
keeping qualities of, A18 
oatgum in, A18 


Econ OMICS, in the dairy industry, A177 
Efficieney, creamery, A63 
Electrical windings, cleaning of, A37 
Electronics, in dairy industry, A161 
Emulsifiers, in ice cream, A52 
Enterotoxin, production by micrococci, A67 
Equipment, dairy, sanitation standards for, 
A174 
Evaporators, blower-type, in ice cream 
plants, A7 
Extraneous matter, 
in cheese, A92 
in milk, A24, A33 
in sour cream, A2 


F ARM sanitation, A133 
Fat, 
analysis by ultraviolet spectrophotom- 
etry, A47 


body tissue, stabilization by tocopherols, 
A51 
digestibility of, for humans and rats, 
A50 
effect on galactose utilization, A80 
estimating peroxide in, A124 
in buffalo milk, A144 
oxidation in butter, A124 
stability, determination of, A79 
Fat sources, for ice cream, storage of, A152 
Fat test, Kohler method for, A94 
Fatty acid derivatives, of proteins, A18 
Fatty acid derivatives, of proteins, plastic 
properties of, A18 
Fatty acids, of buffalo colostrum, A69 
Feeds, as affecting flavor of milk, A34 
Fertility, problem of, A42 
Fieldman, duties of, A133 
Filter dises, placement and milk sediment, 
A135 
Flavor, 
in ice cream, A4 
in milk, effect of feeds, A34 
in milk, from farm, A190 
Food, world outlook, A89 
Food poisoning, 
by micrococci, A67 
staphylococcal, survival of bacteria, A14 
Foot rot, of dairy cattle, 
sulfonamide injections for, A171 
treatment with sodium sulfamerazine, 
A185 
Freezer, for ice cream, A72 
Frozen food stores, ice cream merchandis- 
ing in, 
Frozen foods, 
cavity ice in, Al0 
cooked, A88 
Fruit, 
flavors, for ice cream, A151 
for ice cream, A111, A172 
preserved, for ice cream, A53 
purees, in ice cream, A6, A151 
Fuel utilization, efficiency of, A160 


Gaxacrocen, from beef lung, A157 

Galactose, absorption and utilization, as 
affected by fat, A80 

Gas content, of butter, A16 

Germicides, surface active cationic, effect 
on milk bacteria, A15 
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Ghee, 
manufacture, 
storage, A16 
Glass block, for dairy walls, A160 
Glycerides, mono- and di-, and interfacial 
tension, A80 
Grocery stores, iee cream sales by, A189 


Hanvenine, of packaged ice cream, 
A173 

Heat, high frequency for defrosting, A75 

Hemorrhagic septicemia, treatment with 
sulfamerazine, A109 

Heredity, of spotting, of Holstein-Friesian 
cattle, A163 

Homogenized milk, processing of, A34 

Homogenizer, increased capacity for milk, 
A100 

Homogenizer valves, 
cream mixes, A186 

Hormones, anterior pituitary, preparation’ 
and chemistry of, A60 

‘Human milk, nutritive value of, compared 
to cow’s milk, A186 

Hypothalamic lesions, and obesity of ani- 
mals, A61 


and abnormal ice 


cream, 
advertising, trends in, A54 
and frozen foods, A56 
ascorbic acid in strawberries for, A71 
bananas in, 
bulk sales, A54 
cabinets, A22, A127 
carboxymethyleellulose in, A126 
chocolate, A9 
color, A98 
cooperation with retail outlets, A485 
corn sweeteners in, A149, A189 
costs, A83 
customer surveys, A127 
dishing, device for, A172 
emulsifiers in, A52 
fat sources for, A152 
flavors in, A4, A21, A98, A151 
freezer, A72 
frozen cream in, A111 
fruit, A4, A21, A111, A172 
fruit purees in, A6, A151 
hardening, 

blower system, A150 
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tunnels for freezing, A97, A151 
vertical bins for, A151 
history of, A5 
importance to dairy industry, A85 
increased costs, A52 
less sugar in, A8 
liquid sugar for, A188 
merchandising, 
in frozen food stores, A10 
in grocery stores, A189 
in super-markets, A22, A55 
on retailemilk routes, A56 
sanitation in, A56 
store layout, A22 
store planning for, A55 
through stores, A127 
trends, A84 
new ingredient for, A150 
nuts for, A4, A21 
packaged, 
future of, A99 
hardening of, A172 
improvement of, A82 
pint, A56 
sales of, A110 
plant planning, A53 
preserved fruit for, A53 
pricing, A127 
production, A98 
production figures, A100 
proposed standards, A111 
raspberries in, A72 
review of literature on, A126 
sales, trends in, A54 
sanitary control, A149 
selling, 
by weight, A23 
in food stores, A99 
in super-markets, A98 
retail stores for, A153 
through vending machines, A84 
shrinkage in, A53, A81, A98, A126 
solids-not-fat, A4 
stabilizers for, A21, A187 
sweeteners, evaluation of, A188 
use of plastic cream in, A183 
wrapping, slices, A20 
Ice cream mix, 
dried, 
abnormal, effect of homogenizer valves 
on, A186 
and concentrated, A149 
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composition of, A4 
manufacture of, A33, A82 
vacreation, A35, A96 


Incubation temperatures, for standard plate © 


counts, A180 
Insect control, 
chemical, on the farm, A135 
in dairy plants, A27, A61, A134 
on the dairy farm, A159 
with DDT, A133, A134, A175 
Inspection, of milk, standards for, A132, 
A175 
Insulation, thermal, 
by Isoflex, A39 
by silica aerogel, A39 
Styrofoam, All 
Interfacial tension, of oil-water system con- 
taining mono- and di-glycerides, A80 
Iodometric method, Sendroy’s, for chlo- 
rides, A79 
Tron, in biological material, A79 
Isoflex, as thermal insulation, A39 


quality, 
of Australian dried milk, A18 
of butter, effect of storage temperature, 
Al5 
of dried whole milk, A18 
Laboratory control of milk, A141 
Laboratory tests, for milk control, A24, 
A25 
Lactalbumen, food value for man, com- 
pared to casein, A171 
Lactobacillus bulgaricus, viability in dry 
cultures, reconstitution temperature in- 
fluence, A43 
Lactobacillus casei, A181 
Lactobacilli, in Cheddar cheese made from 
pasteurized milk, A183 
Lactoglobulins, immune, in whey, A69 
Lactose content, in milk, A144 
Leadership, in dairy plant operation, A176 
Leucine, in dried milk, A145 
Licensing, for dairy operators, A27 
Limburger cheese, for processing, A68 
Lipolytie flavor, in Cheddar cheese, A93 


M AMMARY gland, lactating, permeabil- 
ity to sulfonamides, A185 

Mastitis, 
penicillin treatment of, A170 
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prevention, A19 
prevention, cure, and control, A126 
staphylococcic, penicillin treatment of, 
A148 
treatise on, A41 
Mastitis milk, as feed for heifer, A108 
Merchandising, ice cream, A84 
Metals, use in milk equipment, A114 
Methyl hydroperoxido oleate, A47 
Methylene blue test, 
effect of heat-resistant reducing sub- 
stances on, A163 
for milk, comparison with resazurin, A29 
Micrococci, as cause of food poisoning, A67 
Microscope, in milk control, A91, A128, 
A163 
Milk, 
between meals, for children, A33 
bottles, A58 
buffalo, fat composition of, A144 
cabinet cooler, A173 
calcium content of, A143 
ean dispenser for, A157 
chemical changes resulting from heating, 
A30 
chocolate, A115, A154 
coliform bacteria in, A42, A43, A91 
composition, variations in, A108 
concentrated, history and manufacture 
of, A124 
condensing, by vacreation, A35 
consumption, habits, A115 
control, laboratory tests for, A24, A25 
cooling, on farm, A173 
cooperative advertising for, A191 
‘feowy’’ flavor, relationship of acetone 
bodies to, A168 
deaeration, 
device for, A190 
for preservation of vitamin C, A190 
defects, onion flavor, A95 
delivery, 6-day week for, A86 
direct microscopic method of examina- 
tion, A91 
dried, 
Australian, keeping quality of, A18 
compression of, A19 
future of, A31, A125 
season of production and keeping qual: 
ity, A94 
whole, 
keeping qualities, A18 
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Milk (continued) - 
manufacture of, A71 
oatgum mixes in, A18 
effect of metals on, A114 
extraneous matter in, A24, A33 
federal regulation, A41 
flavors in, from farm, A34, A190 
fluid, future of, A101 
frozen, protein flocculation in, A173 
handling costs, A114 
heat-resistant coliform bacteria in, A189 
homogenized, 
cooking qualities of, A74 
processing of, A34 
use and merchandising, A129, A155, 
A174 
homogenizer, 
A100 
human, 
for infants, A95 
vs. cow’s for infants, A95 
inspection, uniform, A132, A175 
laboratory control of, A141 
lactose content of, A144 
merchandising, training of routemen, 
A60 
midwestern or Canadian for New En- 
gland, A102 ; 
nutritive value of, compared with human 
milk, A186 
off-flavor and production methods, A57 
pasteurization, 
by electricity, A72 
by ultraviolet, A86 
in small towns, A153 
short-time high-temperature for, A73 
preservation, with quaternary ammonium 
compounds, A155 
procurement, A128 
production, 
and control, A101 
leveling of, A57 
trends in United States, A85 
quality, effect of atmospheric tempera- 
ture on, A113 
quality control, 
4-H clubs in program for, A191 
improvement of, A74, A113, A114 
riboflavin balance studies, A96 
sales, competition with other foods, A156 


increasing capacity of, 


A211 


Milk (continued) 
sediment in, due to rinse water, A154 
sediment tester, A75 
short-time pasteurization of, A130 
~ spray drier for, A125 
square bottles, A23 
stabilizing production of, A155 
standards for grade A, A128 
strainers, A24 
sweetened condensed, cooling of, A125 
titratable acidity of, A93 
trends of the industry, A102 
vacreation, A35 
variability in duplicate standard plate 
counts, A180 
vitamin A in, A78 
vitamin D in, A129 
watering, control, A35 
Milk cans, jacket for cooling, A191 
Milk fever, as a manifestation of alkalosis, 
A148, A169 
Milk inspection, multiple standards for, 
A175 
Milk pail, A131 
Milk plant, accounting, A156 
Milk powder, production and marketing, 
A50 
Milk products, federal and state standards, 
A74 
Milk sanitarian, qualifications, A25 
Milk sugar, A32 
Milking, by machine, pulsator stimulus and 
rate of, A20 
Milking, managed, A96 
Milking machines, 
cleansing by wetting agents, A36 
new device, A173 
source of thermoduric bacteria, A13 
stimulus and rate, A20 
Mix, ice cream, powdered, A4, A82 
Mold mycelia, as index of butter quality, 
A77 
Musclar dystrophy, in young calves, A109 


N TACIN, assay for, A145 


Osesrry, of animals, hypothalamic 
lesions and, A61 
Off-flavors, in cheese, A92 
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Oil, 
carryover in refrigerator systems, A88 
rancidity tests for, evaluation, A48 
simulated soybean, preparation and 
flavor, A48 
soybean, flavor reversion by oxygen, A48 
Oregon, program of licensing, A27 
Oxygen absorption test, for fat stability, 
A79 


P ACKAGES, 
for ice cream, A99 
grease resistance of, A105 
Pail, milk, A131 
Pantothenic acid, sparing action of casein 
for, A172 
Pasteurization, 
of milk, 
compulsory, A113 
in small towns, A153 
licensing of operators, A27 
quality control of, A101 
with ultraviolet rays, A86 
short-time high-temperature, 
checking of, A130 
equipment for, A74 
for cheesemaking, A166 
for dairy products, A73, A130 
pros and cons, A73 
safety factors for, A100 
with electricity, A72 
Pastures, prevention of onion flavor from, 
A95 
Peaches, frozen, for ice cream, A112 
Penicillin, 
for treatment of bovine anthrax, A170 
for treatment of mastitis, A170 
for treatment of staphylococcie mastitis, 
A148 
in isolation of Brucella abortus, Al 
Pennsylvania method, for butterfat, A168 
Peroxide, estimation in fat, A124 
Photocolorimetrie method, for quaternary 
ammonium compounds, A158 
Plant accounting, 
and costs, A137 
and losses, A138 
Plant efficiency, and sanitation, A131 
Plastic cream, A70 
Plate counts, standard, 
incubation temperatures for, A180 
variability in duplicate, A180 


Pneumonia, treatment with sulfamerazine, 
A109 
Power printer, for butter, A165 
Price supports, for dairy products, A62 
Procurement, of quality milk, A128 
Protein fiber, process for hardening, A183 
Protein flocculation, in frozen milk, A173 
Proteins, 
erude whey, manufacture, A31 
effect of dry heat on, A183 
fatty acid derivatives of, A18 
fatty acid derivatives of, plastic proper- 
ties, A18 
immune, from colostrum, A69 
in animal nutrition, A51 
Public relations, in the dairy industry, A89 


Q UALITY, in dairy products, A105, 
A162 

Quaternary ammonium compounds, 
advantages, A17 
as cleansers, A132 
as preservatives for milk, A155 
comparison with hypochlorites, A103 
in dairy industry, A17 
in dishwashing, A174 
inactivation of germicidal action of, 

A192 

Quaternary ammonium salts, determination 

of, A158 


Ranewrry, in oils, tests for, A48 
Receiving room, for milk, A113 
Refrigeration, 
air blast freezing, A88 
booster compressors for, A87 
fast-freezing tunnels for ice cream, A97 
new developments in, A161 
of storage space, A117 
oil carryover in, A88 
pipe size determination, A38 
Reproduction, 
mammalian, A42 
physiology of, relation of time and 
temperature A11, 
Resazurin test, 
effect of heat-resistant reducing sub- 
stances on, A163 
for milk, comparison with methylene 
blue, A29 
‘*pink test’’, for cheese acidity produc- 
tion, A166 
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Research, dairy, 
in Canada, A61 
manufacturing, 

A35 

Retail stores, for ice cream sales, A153 

Riboflavin, utilization from milk, A96 

Rodents, control in dairy plants, A61, A103, 
A134 

Routemen, milk, training of, A60 


developments through, 


Sarery program, A138 
Salt, influence on butterfat oxidation, A124 
Sampling device, for thermal death range 
of bacteria, A1l4 
Sanitarian, milk, qualifications, A25 
Sanitary spoon rest, A83 
Sanitation, 
and plant efficiency, A131 
in ice cream merchandising, A56 
in the dairy plant, by swab test, A44 
on the farm, A133 ; 
soda fountain, A158 
standards, for dairy equipment, A174 
Sanitizing, of cans, A159 
Sediment in milk, 
and clean cows, A135 
ean lids and, A135 
due to non-rinsing of strainers, A136 
from rinse water, A154 
sources in sweetened condensed, A146 
Sediment tester, for milk, portable, A75 
Serum albumins, crystallization of, A145 
Shrinkage, in ice cream, A53, A81, A98, 
A126 
' Silage, potato, as feed for dairy cows, A50 
_ Silica aerogel, as thermal insulation, A39 
Soda fountain, sanitation, A158 
Sodium sulfamerazine, for foot rot of cat- 
tle, A185 
Solids-not-fat, research on, A4 
Spectrophotometry, ultraviolet, for analysis 
of fats and oils, A47 
Sperm fertility, duration of in ewe, A164 
Spotting in cattle, heritability of, A163 
Spray drier, for milk, A125 
Spread, dairy, method of producing, A32 
Stabilizers, in frozen cream, A136 
Stabilizing agents, for mix, A187 
Standards, 
of identity, for cheese, A3, A77 
federal and state, for milk products, A74 
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for dairy plant equipment, A131 
for grade A milk, A128 
sanitary, for dairy equipnrent, A174 
Staphylococci, 
cause of abortion in dairy cattle, A170 
food poisoning, survival, A14 
in sweetened condensed milk, A141 
penicillin therapy for, in mastis, A148 
Steam regeneration, for boiler blow-off 
systems, A104 
Sterilization, 
of dairy utensils, A116 
of water, electrical, A36 
Storage tanks, milk, on farms, A114 
Store rooms, cheese, A67 
Strainers, 
and milk sediment, A135 
dispenser for pads, A191 
for milk, A24 
Sugar, milk, A32 
Sugars, for ice cream, 
evaluation of, A188 
liquid, A188 
reduction of, A7 
Sulfamerazine, for treatment of hemor- 
rhagice septicemia and pneumonia of cat- 
tle, A109 
Sulfonamides, 
effect on lactating bovine mammary 
gland, A185 
injection for foot rot, A171 
Supply and demand, in dairy industry, 
A105 
Surface active agents, detection of, A89 
Swab test, for sanitation, in dairy plants, 
A44 
Sweetened condensed milk, 
cooling of, A125 
flavor and color, A145 
pathogenic staphylococci in, A141 
sediment in, A146 
viscosity of, A146 
Sweetening agents, new synthetic, A104 


‘Temperature, effect on mammalian 
reproduction, All 
Tester, sediment, A75 
Thermal death range, of bacteria, A14, A29 
Thermodurie bacteria, 
from the udder, A13, A121, A182 
origin and control, A13 
significance and control, A13, A107 
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Thermophilic bacteria, significance and con- 
trol, A13 
Thyroid, effect on mammalian reproduction, 
All 
Titratable acidity, 
of dried milk, A169 
of milk, A93 
Tocopherols, as stabilizers, for body-tissue 
fats, A51 
Trace elements, in colostrum, A143 
Transportation, refrigerated motor, A38 
Trichomoniasis, 
transmission by artificial insemination, 
A164 
vaccination for, A109 
Tryptose, toxic factor for Brucella abortus 
in, A181 


infections, by thermoduric bac- 
teria, A13, A121, A182 

Ultraviolet, use in dairy industry, A86, A92 

Utensils, sterilization of, A116 


V acctnation, 

for brucellosis, A108 

for trichomoniasis, A109 
Vacreation, 

of cream, A35 

of icé cream mix, A35, A96 

of milk, A35 
Vacreator, for condensing milk, A35 
Vending machines, for ice cream, A84 
Vibrionie abortion, in cattle, A148 
Virus diarrhea, of dairy cattle, A170 
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Viscosity, of sweetened condensed milk, 
A146 
Vitamins, 
A, 
in Ontario butter, A44 
requirements for calves, A32 
state of, in colostrum and milk, A78 
C, 
in milk, deaeration for preservation of, 
A190 
D, 
in milk, control of, A129 
in colostrum, A143 
prophylactic administration to calves of, 
A110 
riboflavin, balances with milk products, 
A96 


Wasre disposal, dairy, and stream pol- 
lution, A26, A27 
Water, flocculation and sterilization, elec- 
trical, A36 
Water supplies, bacterial quality of, A86 
Watering, of milk, detection, A35 
Wetting agents, milking machine cleaning 
with, A36 
Whey, 
condensed, from cheese, A31 
immune lactoglobulins from, A69 
use in by-products, A147 
utilization, A147 
White sauce, from homogenized milk, A74 
Wrapping, of butter, in parchfilm and 
pliofilm, A15 
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WET-STRENGTH: 


With Patapar* Vegetable Parchment you get a wrap- 
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Patapar stays intact and strong even when boiled. 
' When moist foods are wrapped in it, Patapar gives 
lasting protection. 
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KLENZADE 


The only line of dairy cleaners to pro- - 
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FLAKES 


- THE CULTURE 
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THE 
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-HOLSTEINS... produce MORE for LESS! 


Last spring’s flooded fields combined with the burning sun that fol- 
lowed will put a premium on every pound of grain fed this winter and in 
the years to come. 


Because of their great capacity, rugged, efficient Holstein cows are 
able to consume large amounts of inexpensive, home-grown roughage .. . 
saving dollars for their owners when feed bills soar . . . making profits 
when overhead is high! 


For detailed information on profit-making, high-producing 
Holsteins, write... 


THE HOLSTEIN-FRIESIAN ASSOCIATION OF AMERICA 


Box 3095, Brattleboro, Vermont 
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creases solution dragout ... speeds cleaning 
action . . . boosts the efficiency of your alkali 
solution. Bottles cleaned with this time-tested 
wetting agent and synthetic detergent come out 
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through and loosens hard-to-remove chocolate R F D U C ES 
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Fes lose none of the cleaning efficiency of BOTTLE 
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... dryer bottles. Orvus is easy to use. Eco- 
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The Standard of the World 


The Gaulin Two Stage Homogenizers and High 
Pressure Pumps have been built by us for over 
forty years. This background of engineering 
know how, assures the processor of the finest and 
most modern homogenizer for fluid milk, ice 
cream, evaporated, condensed and spray dried 
milk or eggs, as well as other dairy products. 
The homogenizers are built in a range of sizes 
from 75 to 2500 gallons per hour. High pressure 
pumps are custom built to meet individual re- 
quirements. Both types of machines are ap- . 
proved by leading health authorities. 
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THE MANTON-GAULIN MFG. CO., INC. 
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TECHNICAL SPECIALTIES FOR 


IMPROVING YOUR PRODUCTS 


‘FRIGIDRY’ DAIRY CULTURES—6 TYPES 


Vigorous, rapid growing, easy to use. Repeated transfers unnecessary, saving several days’ 
time. Uniformity assured and high viability retained by sub-zero, high-vacuum drying 
process. Each type tailor-made for its purpose. 


‘PROVALAC’ CAROTENE DAIRY EMULSION 


Reg. VU. S. 
Convenient, economical method of fortifying ice cream and milk with Vitamin A activity 
—automatically produces desirable carotene or “June” color. Contains no fish oils. No 
special equipment required, blends easily with simple agitation. 


“YELLO-A’ CAROTENE BUTTER COLOR 


Trade Mark 
Colors your butter the natural way with carotene—the same color nature supplies when 
cows are on green pasture—also a natural vegetable Vitamin A activity—no fish oils 
or added artificial color used. Ideal for cheese also. 


‘BODY-GUARD’ ICE CREAM STABILIZER 


New, different, more efficient—the stabilizer that economically produces the better quality 
ice creams, builds consumer appeal and increases your sales. High active ingredient con- 


tent, properly blended to give maximum results. 
WRITE FOR LITERATURE AND PRICES 


GENERAL BIOCHEMICALS, INC. 
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IMAGINE YOU 


* 


@ Probably you’d look 
terrible. But one thing is 
sure—you’d stay dry! For 
asphalt keeps out mois- 
ture. And that’s why we 
use asphalt to help keep 
Diamond Crystal Salt dry, 
and prevent caking. 

Salt usually cakes in 
excessive humidity, be- 
cause moisture con-} 
denses on salt particles, 
forming a thin layer of 
brine. Then, in dry weather, the ies evapo- 
rates and the crystals knit together. 

Our research laboratory has found a number 
of ways to help prevent salt caking. Remov- 
al of moisture-attracting impurities, such as 
calcium chloride, helps. So does complete 
removal of fines by careful screening. Most 
important is to provide salt with a moisture- 
and vapor-resistant package. 


Take our Flour Salt bag, for example. It is com- 
posed of three 50-lb. and two 25-lb. sheets of 
kraft, laminated together with 40 lbs. of 
asphalt per ream. That’s a lot of asphalt, and 
it costs us more money — but our moisture- 
vapor transmission tests show this bag is worth 
the extra cost. The bag is even sewn with 
waxed thread to seal the holes made by the 
sewing-machine needle. That’s real protection 
—one reason we have been able to eliminate 
caking as a major problem! 


Want Fre information On Salt? Write Us! 


If you have a problem involving the use of salt, 
write our Director of Technical Service. He 
will be happy to help! Diamond Crystal Salt, 
Dept. H-13, St. Clair, Mich. 
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SALT 
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. . « it was PLANNED this way— 


The world’s longest bridge . . . a double-deck 
highway spanning a bay ... that’s the San 
Francisco-Oakland Bay Bridge. But, even be- 
fore the first rivet was red-hot ... before the 
first slab of cement was poured, the engineers 
knew that here was a pace-setter in bridges 

..a bridge that would provide passage for 
70,000 vehicles daily. They knew 
it, because ... it was planned 
this way! 


PLANNED 
SANITATION 


. . . helps increase sales 


Just as planning assured success in advance 
with the San Francisco-Oakland Bay Bridge, 
so too, will Diversey Planned Sanitation 
provide predictable results in the modern 
food plant. 


Diversey Planned Sanitation is a unique pro- 
gram... tailor-made cleaning and disin- 
fecting planned right in each individual 
plant by a thoroughly trained and experi- 
enced Diversey D-Man . . . modern methods 
and materials adapted to machines and equip- 
ment ... plant personnel trained at every 
step... lasting, low-cost, individualized 
sanitation! 


Because Diversey Planned Sanitation is 
geared to meet individual sanitation needs, 
food plant operators are sure of fewer losses 
from product spoilage ... increased sales 
through purer products . . . greater produc- 
tion through faster, better working ma- 
chines! For complete information on Di- 
versey Planned Sanitation, consult a Diversey 
D-Man or write: 


THE DIVERSEY CORPORATION 
53 W. Jackson Blvd., Chicago 4, Illinois 


In Canada: The Diversey Corporation 
(Canada) Ltd., Toronto, Ontario 


Your advertisement is being read in every State and in 25 Foreign Countries 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the Journal is reserved 
for the publication of original research voluntarily submitted by members of the 
association to the JoURNAL and review articles by invitation. In the case of joint 
authorship the membership ruling applies to one author only. 

Papers that have already appeared in print or that are intended for simulta- 
neous publication elsewhere will not be accepted. 

Manuscripts——Manuscripts should be submitted in double spacing on one side 
of suitable 83”x11” paper. The original copy—not the carbon—should be fur- 
nished, packing it flat—not rolled or folded. All illustrative and tabular material 
should accompany the manuscript. The position of each illustration and of each 
table should be clearly indicated in the text. 

In the case of manuscripts, other than review articles prepared by invitation, 
that contain more than 12 printed pages, the author is charged at the rate of $5.00 
per page for all pages in excess of twelve. This charge is omitted in the case of 
articles of extraordinary merit. 

Manuscripts voluntarily submitted, when approved for publication, will be pub- 
lished in the order of their receipt. Manuscripts should be sent to the Editor, F. E. 
Netson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. 

Drawings.—Drawings, diagrams and charts for illustrations should be prepared 
for reproduction as iine drawings or halftone engravings. The original drawings 
should be done in Indis ink on white or blue-white tracing cloth, tracing paper, or 
Bristol board and neatly lettered in India ink. Legendary material on the drawing 
should be neatly lettered in India ink—not typewritten. 

The original drawings—not photographs of the drawings—should accompany 
the manuscript. Illustrations not in proper finished form will be prepared for pub- 
lication and the author charged for the cost of the work. 

Photographs.—Photographs for halftone reproductions should be glossy prints, 
free of all imperfections. 

Legends.—All illustrative materials, both drawings and photographs, should be 
accompanied by appropriate legends, typewritten on a separate sheet of paper. 

Tabular Material—Tabular material in the manuscript should be clear, concise 
and aceurate. Simple tables are more effective than complicated ones. If possible, 
tables should be so organized that they may be set crosswise of the page. In many 
instances it is possible to materially improve the appearance and usefulness of 
tabular material without sacrificing completeness of information, by condensing 
detailed data and presenting them in simple, summarized, tabular form. 

References.—References should be listed alphabetically as to authors and num- 
bered ; and citations in the text should be made by the number in parentheses, corre- 
sponding to the number in the reference list. 

Each reference should contain the following data in the following order: Name 
and initials of author or authors; title of the articles referred to (principal words in 
the titles of all articles should be capitalized) ; name, volume, number, page number 
and year of publication. 

Abbreviations of the titles of publications should conform to the standard set 
by the United States Department of Agriculture given in U. S. Dept. Agr., Misc. 
Pub. 337, April, 1939. 

For uniformity of punctuations the references should conform to the following 
example: (1) Jones, L. W., anp Suiru, J. D. Effect of Feed on Body of Butter. 
Jour. Darry Sct., 24(4) : 550-570. 1941. 

References should be carefully checked for accuracy by the author. 
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this educational material 


for quality milk 


To assist in the production of quality 
milk at no cost to you, Pennsalt offers 
a selection of informative films, record- 
ings, literature and other educational 
material. Hundreds of dairy plants, 
producer organizations, health de- 
partments and technicians have suc- 
cessfully used this material to hel 
dairymen understand the pans 4 
used, and to help field men discuss the 
subject with producers. 


In language anyone can understand, 
it details the fundamentals of quality 
milk production, makes clear to the 
farmer that sanitary milk production 
is inexpensive and fits readily into his 
regular routine. 


You can depend on the authenticity 
and accuracy of this material, for it has 
been carefully prepared by the makers 
of B-K Powder and General Manual 
Kleanser—two famous 
roducts that form the 
ackbone of many quality 
milk programs. Take {— 
action now... we'll send = 


full details on request. = % 


Write to Dept. DS BK Division 


\z/ PEN YLVANIA SALT 


1000 WIDENER BUILDING, PHILADELPHIA 7, PA. 


Your advertisement is being read in every State and in 25 Foreign Countries 


BREEDER’S EQUIPMENT CO. 


Supplies for Artificial Insemination of Animals 


FLOURTOWN, PA. 


ARTIFICIAL INSEMINATION 


A technical service which contributes so 
much to the Dairy Industry is worthy of 
the recognition accorded to other scientific 
achievements in the same field. 


The technician engaged in this work is a 
true specialist who requires special equip- 
ment, designed and manufactured for a 
special purpose. 

The period of makeshift and improvised 
apparatus is past. 

Our facilities are devoted exclusively to 


the production of the most efficient instru- 
ments for successful artificial insemination. 


Write for a copy of our newest catalog, 
which is now available. 


sFor Top Quality Dairy Products 


CHR. HANSEN'S LABORATORY, INC. 
_ MILWAUKEE 14, WISCONSIN 
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BACK COPIES 
of 


Journal May Be Available 


The Association has available back copies of the Journal of 
Dairy Sciencé. If you need back copies, please write and 
inquire as to whether the particular one that you need is 
available. In some cases we have only a few volumes and 
we do not sell them unless the complete set of volumes is 
purchased. In many cases we have six or eight volumes 
complete with 50 or 100 copies available of certain numbers 
such as the November or December issue. 


OTE 


The cost of the first sixteen volumes if available is $5.00 
each. The cost of Volumes 17 to the last year is $6.00 
each. Individual numbers when available are $1.00 each. 


If you are interested in procuring back copies please write 
to the See’y-Treas., American Dairy Science Assn., c/o Ohio 
State University, Columbus 10, Ohio. Make all checks 
payable to the | 
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AMERICAN DAIRY SCIENCE ASSOCIATION 
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Following actua! plant operation in sev- 
eral leading creameries, CP is pieased 
to present the CP Wizard Coil Pasteur- 
izer with Sanitary Seal for. maximum 
sanitation. 

The CP Sanitary Seal assembly can 
be quickly and easily cleaned. Simply 
remove the spring retainer .. . slip off 
the split compression ring ... push back 
the pressure ring and seal ring ... and 
you have complete access for hosing and 
brushing between the sleeve and coil 
stub shaft. The split compression ring is 
made of a flexible plastic material that 
is odorless and fat resistant. 

For over 40 years, the CP Coil Pas- 
teurizer has been the dairy industry's 
most useful machine—for heating, cool- 
ing, and general processing. Now, it’s 
better than ever! Ask your CP represent- 
ative for further details. 


THE Greamery Package MEG. COMPANY 


1242 W. Washington Bivd., Chicago 7, Illinois 
BRANCHES IN 21 PRINCIPAL CITIES 
Creamery Package Mfg. Co. of Canada, tid, TORONTO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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LACTOBACILLUS ACIDOPHILUS 
Isolation and Cultivation 


Bacto-Trypsin Dickst Acar is an excellent culture medium for 
propagation of Lactobacillus acidophilus. The medium is 
prepared according to the formula of Cheplin. It is widely 
used for estimating the degree of intestinal implantation of 
L. acidophilus and is well suited for isolation of acidophilus 
strains and for carrying stock cultures, 


Bacto-Tomato Juice AGar is prepared according to the formula of 
Kulp and White. The ability of this medium to support 
luxuriant and characteristic growth of L. acidophilus makes 
it particularly well adapted for use in establishing the number 
of viable organisms in acidophilus products. This medium 
is also used extensively in determining the degree of 
implantation of the organism. 


Bacto-Skim Mix when prepared for use is an excellent medium for 
propagation of stock cultures of Lactobacilli. A 10 per cent 


solution of this product is equivalent to a high grade skim 
milk. 


Bacto-Pgptonizep Mix contains degradation products of the proteins, 
albumins and globulins of milk. It supports rapid and 
luxuriant growth of the Lactobacilli. 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media. 


Dirco LABORATORIES 
DETROIT 1, MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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